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ABSTRACT 


Pregnancy and the estrogenic components of oral 
contraceptives seem to play a part in the susceptibility of 
women to choiestasis and cholelithiasis. Etiology of the 
increased bile lithogenicity may result from a reduction in 
bile synthetic and secretion rates, reduction of pool size, 
and an increase in cholesterol saturation. Increased levels 
of estrogens, COmmon to both pregnancy and oral 
contraception, were postulated to play a causative role in 
the epidemiology of cholestasis and gallstones. It was felt 
that there might be a relationship between estrogen 
catabolisn and bile acid synthesis, whereby a common 
hydroxylating enzyme pathway for bile acids and estrogens 


may exist. 


The effects of normal pregnancy, cholestasis of 
pregnancy, and oral contraception on bile acid and estrogen 
metabolisn were studied. Total serum bile acids were 
measured by a modified enzymatic-fluorimetric technique, and 
the unconjugated estrogens, estrone, estradiol, and estriol, 
by independent radioimmunoassay procedures. Standard liver 


function tests were also performed. 


Normal pregnancy caused a significant increase of total 
serum bile acid levels which dropped slowly in the 
pueperium. No Significant differences could be found between 
non-pregnant controls and women on oral contraceptives. 


Total bile acids were markedly increased in cholestasis of 
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pregnancy, but not in pruritus gravidarum. Unconjugated 
estrogens increased during pregnancy at a faster rate than 
the bile acids, whilst levels in cholestasis were 
Significantly higher than those seen in normal pregnancy. 
Despite marked increases of biie acids and total estrogens, 
ratios of total bile acids to total estrogens resembled 
those of normal pregnancy. The latter showed estradiol as 
the most prominent estrogen, however, this pattern reversed 
in cholestasis of pregnancy, where estrone waS dominant and 
estradiol tended to be lower than normal. Relative amounts 
of each of the estrogens were constant throughout normal 
pregnancy with a disruption of this balance in cholestasis. 
Estrone levels were abnormal in pregnant women with symptoms 


of pruritus without clinical evidence of cholestasis. 


It was concluded that a tendency towards cholestasis 
occurs in normal pregnancy, reflected by increasing levels 
of unconjugated estrogens and bile acids, caused by 
metabolic changes and gradual reduction in hepatocyte 
secretion of these steroids. An increasing estrogen load 
from the developing fetus is accompanied by an increasing 
inefficiency of estrogen catabolism in the mother, this 
tendency exemplified in cholestasis of pregnancy where 
deficient hepatocytic hydroxylation or conjugation of 
estrone is indicated. Estrogens, particularly estrone and 
estradiol, probably affect liver nicrosonal enzyme systems, 
resulting in deficient hydroxylation and conjugation of 


estrogens and bile acids. This may lead to decreased 
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micellar formation and hepatocyte secretion, with subsequent 
build-up of hepatotoxic monohydroxy or dihydroxy bile acids 
and the initiation of cholestasis. After parturition when 
estrogens are no longer present to effect a disturbance in 
hepatocyte function, bile acid bydroxylation and secretion 
gradually return to normal and symptoms of cholestasis 


disappear. 
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INTRODUCTION 


Galistones and gallbladder disease have, in the past, 
been associated with: "fat, fertile females of forty",! thus 
incriminating diet, parity, sex and age in the etiology of 
cholelithiasis.2 3 * The incidence increases with age in 
both sexes, but is twice as common in women under 45 years 
of age as in men,S © 7 being greater in multiparous than in 
nulliparous women.® % This has also been demonstrated in an 


animal model.i9° 


In recent years, the increased incidence of gallstones 
and cholestasis in younger women may demonstrate more than a 
coincidence with the fact that many young females have 
commenced uSing oral contraceptives within the past 15 
years.!1! 12 Although diet, environment and genetic factors 
may be involved,!3 14 15 16 17 mounting evidence indicates 
wnee pregnancy and female sex hormones are important factors 
in the increased susceptibility of females to cholestasis 
and gallstones. Nilsson in Sweden,18 found a similar 
prepubertal incidence of cholelithiasis in both sexes, with 
an increased female preponderance at puberty. Womer using 
oral contraceptives and post-menopausal women cn estrogen 
therapy, have a 2.0 to 2.5 times greater risk of developing 
cholelithiasis and cholestasis than women not taking these 
hormones.19 20 Bile from women on oral contraceptives was 
recently shown to be supersaturated with cholesterol, 


reverting back to non-lithogenicity after they stopped 
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taking these hormone perparations.2!1 At least 8 million 
American women are taking oral contraceptives; therefore, 
one can estimate at least 10,000 new cases of cholelithiasis 
each year in the United States alone, as a result of oral 
contraception.22 The increased incidence of cholelithiasis 
with parity, has been recently related to reduced hepatic 
Synthesis and secretion of bile acids as well as pool size, 


during normal pregnancy in rats.23 


Cholestatic jaundice of pregnancy is of unknown 
etiology; however, this apparently occurs nost frequently in 
women who have used oral contraceptives prior to becoming 
pregnant.2* Since increased levels of estrogens are seen in 
pregnancy and following administration of "estrogen- 
containing contraceptives", these hormones are suspected of 
having a role in the development of cholestasis and 
gallstones, particularly in multiparae, or following 
continuous contraceptive therapy. The freguency of 
cholestasis is greatest in late pregnancy when estrogen 


leveis are highest.25 


We felt there might be a relationship between estrogen 
catabolism and bile acid synthesis in the liver, and 
considered the possibility that the cytochrome P450 systen, 
which plays an important role in microsomal hydroxylation2@® 
and consequently the synthetic pathway for bile acids, may 
also be associated with estrogen hydroxylation. Thus, in 


women with high estrogen levels, there could be competition 
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between bile acids and estrogens for available enzyme, with 
a net decreased hydroxylation of these steroids. Marginal or 
decreased hepatocytic enzyme levels in susceptible women, 
would explain the tendency for these women to develop 
cholestatic jaundice when pregnant or on oral 


contraceptives. 
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OBJECTIVES 


The objectives of this study were to: 


develop laboratory procedures for determinations of 
total bile acids, the unconjugated estrogens (estrone, 


estradiol, estriol) in serum. 


apply these methods to a clinical study of pregnant and 

non-pregnant women in order to: 

a) determine the effect of pregnancy and oral 
contraceptives on estrogen and bile acid 
metabolisn. 

b) determine if there is a relationship between bile 
acids and the unconjugated estrogens and how this 
relationship is affected in normal pregnancy and 
cholestasis of pregnancy. 

c) postulate the possible role of estrogens and bile 
acids in initiating cholestasis during pregnancy or 


oral contraception. 


measure changes of liver function which occur during 
normal pregnancy, cholestasis of pregnancy and oral 
contraception, as compared to normal non-pregnant 


controls. 


-_ 
ey, 
= 
7, ms 
» 


be 7 ; pm Ce 


Sacto ae S) inet 
$0 swotssaiwaatob idl sete 
.en0Tsas) ansporsad Basepet: 

i aie Kolssae of 
fhe - my 
bis jas Reeng Xo bade Sanhadio s od sbodsen ster’ . 


isto Pes Yousapeag fo  26eRRe oft eaiaieieh 


bins siid bas aanoasee ; ag fovisqoces4009 
Weenie |) 
sit¢d asowtal qidabedgeio2? s 2t ered? 32 ‘eaisteseb (a 
aid? wot Boe acasieten bodsps{soseu od7 bas abios | 
Soe yousaoosg Leeder ak Asvsetis Bs gitenoitsies 
-{asaope7g Eo a2tesszaiods — 
siid Ses sioponwtas Fo afoot aldiasog sa? eteinsacg ac = 
10 ToOMeO0eTg pabweh eise*featods partelfiakr ai ebhénw ek 
ssoksqeosaines [830 | a 
eaizuh aszsoo #obdw golveng?. gavil 3e Sapnaio 
fev Soe _oieapedg Bo edemtestoda Soren S 
tessee7q-aon Leeden Of Beasgueo ef - 


CHAPTER I 


REVIEW 


A. Cholestasis 


Definition and Characteristics 


Cholestasis, according to Popper,?? is a "disturbance 
in the secretion of micelles of bile saits mixed with other 
solids," resulting in a reduced output of bile salts into 
the bile and intestine.2% Physiologists regard cholestasis 
as the interference with bile flow somewhere between the 


hepatocyte and intestinal tract.29 


Extrahepatic cholestasis occurs between the bifurcation 
of the common hepatic duct and ampulla of Vater due to 
obstruction, with resultant hydrohepatosis and dilatation of 
proximal biliary passages. Intrahepatic cholestasis may he 
due to chemical or structural changes in the hepatocyte 
secretory mechanism, bile constituents, or transport 
membranes. Regurgitation of bile into the blood and lymph 
occurs in both types of cholestasis.27 28 Pathologists 
recognize cholestasis by the morphological changes of 
canalicular dilatation, bile pigmentation of hepatocytes and 
Kupffer cells, inspissated bile plugs, and subsequent 


feathery degeneration with hepatocyte necrosis.3° 31 


Clinicians regard cholestasis as jaundice, associated 


with diminution or absence of bile flow, pruritus, 
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hepatomegaly, xanthoma, easy bruising, grey colored stools, 
and dark colored urines.2® Secondary biochemical changes 
include conjugated hyperbilirubinemia with high serum 
alkaline phosphatase, aminotransferases, 5'-nucleotidase, 
cholesterol and lipoprotein levels.32 33 34 fhe abnormal 
serum lipoprotein-X is found in extrahepatic cholestasis.35$ 
Serum bile acids are increased and probably cause pruritus 
when deposited in the skin.36 37 Cholic acid, normally the 
predominant bile acid in the liver, rises conspicuously with 
severe cholestasis, and the sum of the detergent-acting 
dihydroxy bile acids, chenodeoxycholic and deoxycholic 
acids, parallels the degree of feathery degeneration and 


hepatocyte necrosis.38 39 


Mechanisms of Cholestasis 


Scaffner*9 recently summarized some possible mechanisms 
of cholestasis. They include: 

1. abnormal bile salt concentrations altering membranes by 
detergent action, 

2. interference with micelle formation by drugs or 
monohydroxy bile acids, 

3. inhibition of non-bile salt dependent bile flow, 

4. alteration of bile canalicular membranes, 

5. increased intraluminal pressure in the biliary systen 


due to obstruction. 
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The primary event in intrahepatic cholestasis is 
alteration of hepatocytic smooth endoplasmic reticulua, 
leading to disturbed bile acid hydroxylation which in turn 
interferes with micellar formation, resulting in disturbed 
secretion of bile salts.27 36 41 Secondary events which 
follow are: additional damage to the smooth endoplasmic 


reticulum and a further reduction in enzyme activity. 


The monohydroxy bile acid lithocholate, a potent 
hepatotoxin, is endogenously synthesized by colonic 
bacterial degradation of chenodeoxycholate, and normally 
excreted in the feces,29 however it has been shown to induce 
cholestasis in animals.*2 *3 This led to the hypothesis that 
lithocholate or some monohydroxy bile acid altered 
hepatocytic micellar formation.2?7 33 Rats with bile duct 
ligations and established cholestasis, had markedly reduced 
cytochrome P450 activity in their hepatocytes.** Defective 
P450 dependent 7a-hydroxylation of cholesterol,*5 in 
hypertrophic, hypoactive endoplasmic reticulun, is 
associated with inability of the hepatocyte to synthesize 
cholate or chenodeoxycholate, with consequent production of 
monohydroxy bile acids.33 *! Sensitivity to lithocholate 
showS species variation,*®& and although Significant 
quantities of lithocholate have not been reported in man 
with severe cholestasis,3? conjugated, non-toxic sulfates of 
lithocholate have been demonstrated in human bile*? and 
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Increased quantities of chenodeoxycholate and 
deoxycholate can produce hepatotoxicity,*2 59 and by their 
detergent action, inactivate cytochrome P450 the terminal 
oxidase of microsomal enzyme systems, forming inactive P420, 
as well as solubilizing other microsomal membrane 
components.5! Rats with cholestasis do not demonstrate high 
chenodeoxycholate levels, because of an active hepatic 
68-hydroxylase, which catalyzes the formation of non-toxic 
B-muricholic acid. Hepatocellular necrosis is rarely seen in 
the rat after bile duct Teatsonse7 #0 In man, however, this 
hydroxylation does not OCCUL, and high levels of 
Cchenodeoxycholate seen with long-standing cholestasis, may 
account for pruritus and hepatocellular necrosis.2?7 52 In 
short-term cholestasis, sulfation and glucuronidation in the 
smooth endoplasmic reticulum may prevent accummulation of 


this bile acid.53 5S¢ 


Steroid molecules with a phenolic A ring or 17 alkyl 
substitution appear to be cholestatic, but no precise 
mechanism based on chemical configuration, has been 
determined.55 It has been suggested that estrogens induce 
cholestasis 5 Re Se permeability of the biliary tree, 
and enhancing diffusion of materials from the bile into the 
blood, as well as inhibiting active transport in the 


opposite direction. 5& 


Since cholestasis is related to a disturbance of bile 


acid metabolism and decreased hepatocyte secretion, the 
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consequent production of a lithogenic bile would predispose 


to cholelithiasis. $7 


B. Cholestasis and Pregnancy 


History 


Jaundice of pregnancy with a recurrent tendency in 
Subsequent pregnancies, was first described in 1883 by 
Ahifeldt,5& and was further elucidated as a cholestatic 
disturbance in the nineteen fifties by SvanborgS? 6° and 
Thoriling. ©! Many synonymous terms have been used to 
describe this hepatic disorder. They include: hepatosis of 
pregnancy,25 idiopathic cholestasis of pregnancy,*2 
recurrent jaundice of pregnancy,S? obstetric cholestasis,®3 
and others.®* Pruritus gravidarum is a milder form of the 


disease.&S 6&6 


Clinical Aspects 


The incidence of cholestasis of pregnancy has been 
found to vary from 0.02 - 2.4 percent of all pregnancies, in 
Scandanavia and Chile.6! 67 68 4 familial occurrence of the 
disease has been reported,®® and some authors have suggested 
a hereditary predisposition to cholestasis of pregnancy.®? 


70 


Symptoms usually occur during the last trimester of 


pregnancy2? subsiding after parturition, with recurrence in 
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subsequent pregnancies.?7! 72 73 The initial and dominant 
Symptom in cholestasis of pregnancy is pruritus, which may 
or may not be followed by slight jaundice and cholestasis.2? 
A history of vague anorexia, nausea, vomiting, epigastric 


pain and diarrhea, are less common findings.5® 60 61 


A tendency towards a prolonged prothrombin time S8 65 
and hemorrhage 69 61 at parturition has been reported in 
some cases. There tends to be a significant fetal mortality 
rate,’* related to an increased occurrence of premature 
infants of low birthweight,’75 76 77 and a short duration of 


labor with intense uterine contractions.7&8 


A high incidence of gallstones (40%) has been reported 
among Scandanavian women who have a previous history of 
cholestasis during pregnancy or while taking oral 


contraceptives. §&§& 


Morphology 


Liver biopsies from patients with "cholestasis" of 
pregnancy demonstrate histological changes Similar to those 
seen in other cholestatic disturbances.58 61 79 80 There is 
little or no inflammation of portal connective tissue, and 


parenchymal cell necrosis iS minigal or absent.2?7 $8 61 6S 


Laboratory Findings 


Serum bilirubin levels in normal pregnancy usually 
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remain within normal limits,®* however in cholestasis of 
pregnancy, Slight elevations occur, but rarely exceed 
Sng/d1i.&9% Johnson®! categorized pruritic patients with serua 
bilirubin levels greater than 1.2ng/dl, and/or 
aminotransferase levels greater than 2 1/2 times the normal, 
aS cholestasis of pregnancy, classifying lesser changes as 


pruritus gravidarun. 


Alkaline Dnosphaeacetaer iyi ey is increased in normal 
pregnancy,®&! 82 due to the placental isoenzyme. 83 
Cholestasis of pregnancy, leads to a further increase of 
alkaline phosphatase activity, with a slow return to normal 
following parturition.S® 6! The aminotransferases&2 %®* and 
serum 5'-nucleotidase usually remain within normal limits 
during pregnancy, but are moderately increased in 


cholestasis of pregnancy.8S 86 


Bromsulphalein (BSP) excretion is aoarea and its 
relative storage capacity increased during the last half of 
pregnancy.®? Both changes are reversible after 
parturition.8& These findings led others to state that 
"pregnancy in itself is cholestatic".89 A further increase 
in retention of conjugated BSP-glucuronide is seen in 
cholestasis of pregnancy and a disorder in enzyme activity 
affecting active transport through the liver cell membrane, 


is thought to be present.27 90 


Serum lipids increase throughout normal pregnancy, 


cholesterol maxima being reached during the third 
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trimester.6&*# 91 92 These changes are considered to be 
hormonally induced.62 66 Greater increases of serum lipids, 
cholesterol, and abnormalities in lipoproteins, have been 
reported in cholestasis of pregnancy,92 with a dramatic 
increase in serum bile acid concentrations, levels 
approaching 10 to 100 times those seen in normal pregnancy 
and the non-pregnant state.93 9%* The ratios of cholic, 
Chenodeoxycholic, and -deoxycholic acids, are grossly 
disturbed in cholestasis of arenes as compared with 
normal pregnancy, showing marked increases in cholic and 


chenodeoxycholic acid concentrations.?3 


Plasma and urinary estrogens also show changes froma 
normal pregnancy,9S but, these changes have been considered 
to be secondary to impaired enterohepatic circulation of 


estrogens. 


Ceatment of Cholestasis of Pregnancy 


Se oe ee 


The use of cholestyramine as a bile acid sequestering 
agent has been recommended to reduce systemically 
circulating bile acid concentrations. Remaining therapuetic 


measures are mainly palliative (diet and rest).89 96 


Pathogenesis 


The etiology of cholestasis of pregnancy has not been 
resolved, but evidence in support of a hormonal cause89° 69 


has been documented following the changes seen in patients 
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taking oral contraceptives.8® 97 98 Estrogen production is 
not increased in cholestasis of pregnancy,99 but compared to 
normal pregnancy, decreased urinary estriol conjugates have 
been found, which may be related to a primary reduction in 
biliary secretion of estrogens.95 The possibility of an 
inherent enzyme defect leading to an increased sensitivity 
and failure to metabolize the estrogens normally present in 


pregnancy, has been suggested as a causative factor.76 


C. Oral Contraceptives and Cholestasis 


The jaundice and cholestasis which occasionally occur 
in women receiving combined oral contraceptives, usually 
appear within one month, and may be preceded by anorexia, 
nausea, malaise, and pruritus. 100 Morphological and 
biochemical changes are remarkably similar to those of 
cholestasis of pregnancy.62 ©6© A large beRebntage of these 
individuals have a history of jaundice and/or pruritus,®@ 
and discontinuation of the therapy leads to a complete 


remission of symptoms within a few weeks. 
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CHAPTER If 


BIOSYNTHESIS AND METABOLISM 


A. Cholesterol 


source 


Cholesterol is utilized in cell membrane structure, and 
in the synthesis of bile acids and steroid hormones. It is 
derived from dietary (0.5g/day) and endogenous (1-2g/day) 
sources, the latter synthesized from acetyl CoA, resulting 
from the metabolism of carbohydrate, fat, and protein.!0! 
Production occurs primarily in the liver and intestinal 
mucosa. The liver pool of cholesterol has an enterohepatic 
circulation, whereby it is excreted in the bile into the 
duodenum, mixing with dietary cholesterol and partially 
reabsorbed with bile salts and phospholipids, the fecal 
excretion varying from 1g to 3g/day.!°92 Dietary cholesterol, 
following esterification and absorption in the intestinal 
mucosa, is hydrolyzed in the liver, with incorporation into 


the hepatic pool of unesterified cholesterol. &* 


Biosynthesis 


Hydrolysis of cholesterol esters in the liver cell 
occurs in the "cell sap", catalyzed by cholesterol esterase, 
whereas esterification occurs in the microsomes and 


mitochondria. Three molecules of acetyl CoA, Figure 1, 
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condense to form 8-hydroxy-f-methyl-glutaryl CoA, (HMG-CoA) 
which is then reduced to mevalonic acid by microsomal HMG- 
CoA-reductase, the rate controlling step of cholesterol 
Synthesis.101 Hormonal and bile salt derivatives are 


postulated as controlling factors of HMG-CoA-reductase.103 


104 105 


Mevalonate is converted through intermediate 
phosphorylated compounds to squalene, which through a series 
of redox reactions is cyclized to lanosterol. Cholesterol is 
finally synthesized by changes in the A ring structure and 
reduction of the side chain double bond. A portion of the 
newly synthesized cholesterol is converted into bile acids 


before secretion into the bile.10¢ 


B. Bile Acids 


Primary and Secondary Bile Acids 


Cholesterol is reduced to cholanoic acid which is the 
immediate precursor of primary bile acids.!96 This synthesis 
occurs in the liver and produces cholic and chenodeoxycholic 
acids. The latter are secreted into the bile, stored and 
concentrated in the gallblader for later evacuation into the 
intestine, where bacterial degradation and reabsorption 
occur by means of the enterohepatic circulation. This 
circulation is extremely efficient in that a small pool of 


2g to 4g of bile acids is recycled six to ten times each day 


‘(ih fo. 
ans 

“wr. 

r " 

iA 7 
“ 


all 
a 

tr 

, 

7 


: nlc 2 a 


Pra be a: ol: 


- v 
Sono toe feed: ote 


pO2 A ef Wane oct ea dates 


S yJ§tons: = bso 554 = 
, alid yaseisa 2 sosanveny « 
[ ; ot 
& 
im } c esoubesd See asyvri and 
a3 Si F970TOSS Bae Boz 


J 308 tobef¢eits e. odd at hetexs 

s moitebsages Lelusdosd easily ead 

>» abtsqedetesas ed% 2a. eason : ci 

6 +563 gf taster it nec - _ 7 


$ sat 2 zéea Baloyvoo2 oe ns ohid 20 


17 


with a fecal loss of approximately O26G, which is 
replenished through normal hepatic synthesis. The formation 
and elimination of bile acids in the feces, is the main 
mechanisno for the Maintenance of normal cholesterol 


homeostasis, 107 


Secondary bile acids, formed in the intestinal lumen by 
anaerobic bacterial degradation of primary bile acids, 
results in the 7o—-dehydroxylation of cholic and 
chenodeoxycholic acids forming deoxycholic and lithocholic 
acids respectively,!98 Figure 2. Normally 90% of biliary 
bile acids are conjugated, through a stable C24 amide bond, 
with glycine or taurine, in a molar ratio of 3 to 1, this is 
Said to be species specific but may be easily modified by 


nutritional and hormonal factors.109 110 


Biosynthesis and Conjugation 


Biosynthesis of primary bile acids from cholesterol 
includes stereospecific reduction of the A% double bond, 
epimerization of the 3-hydroxyl group, introduction of 
hydroxyl groups at the 7a and 12a positions, with oxidation 
and reduction of the terminal three carbon side chain. This 
is the main pathway of bile acid synthesis,1tt t12 but 


proposed alternate pathways may exist.!13 


(i) Cholic Acid 


The first step in the synthesis of cholic acid, the 
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PRIMARY AND SECONDARY BILE ACIDS 
CHOLESTEROL 
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Figure 2. Primary and Secondary Bile Acids and the 
Enterohepatic Circulation 
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Rayon primary “biter acid: “inv! man-vand  rat=,) Gs the.) 7a— 
hydroxylation of cholesterol to form 5-cholestene-38, To- 
diol,4!* Figure 3. This highly stereospecific reaction, 
catalyzed by a microsomal enzyme complex (cholesterol 7a- 
hydroxylase), requires NADPH (reduced nicotinamide adenine 
dinucleotide phosphate) and oxygen.!t15 Cytochrone-c 
Ceductase and possibly cytochrome P450 are also involved in 
the reaction,1!6 which appears to be the rate-limiting step 
in the biosynthesis of both cholate and chenodeoxy- 


cholate.!1?7 


The second step, catalyzed by microsomal enzymes, 
requires WNADt {oxidized nicotinamide adenine dinucleotide) 
as a cofactor. Two enzymes, 38-hydroxysteroid dehydrogenase 
and an oxosteroid isomerase, are presumed to act ina 
concerted manner.!18 The hydroxyl group of 5-cholestene-38, 
7Ja-diol is oxidized and the double bond shifts from the C5 
to C4 position, with the formation of 7a-hydroxy-cholest-4- 


ene-3-one. 


The next step involves C12 hydroxylation and the 
formation of Lo, 120-dihydroxy-cholest-4-ene-3-one, 
catalyzed by microsomal enzymes requiring NADPH and possibly 


cytochrome P450.119 


Conversion of Ta, 121-dihydroxy-cholest-—4-ene-3-one 
into 3a, 7o, 12a-trihydroxy-5g-cholestane, consists of two 
reactions catalyzed by non-microsonal oxosteroid-58 


reductase and 3a-hydroxysteroid dehydrogenase in the 
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BILE ACID BIOSYNTHESIS 


Cholesterol 


HO cholesterol 
7 a-hydroxylase Ga Bile salt inhibition 
(microsomal) 


7 a hydroxycholesterol iaG 
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5 B steroid O 40H 
reductase 

(soluble) 


3 @ hydroxysteroid rape 
dehydrogenase 
(soluble) 
58 cholestane vOOK 
3a, 7a-dlol H H 
| (mitochrondr ial) 
COOH 
cer “OH 
| ot COOH 
Chenodeoxycholic COOH Cholic 
acid acid 
KO H Hi H 


Figure 3. Main Pathways of Bile Acid Biosynthesis. 
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presence of NADPH.!29 Reduction of the 5C position completes 
a Significant change in Shape of the cholesterol molecule 
which is partly responsible for the detergent-like property 


of bile acids.196 


Hydroxylation of 58-cholestane-30, 7a, 120-triol at the 
C26 position, the first step in oxidation of the side chain, 
is sterospecific and occurs in the mitochrondria.!2! 122 
Further oxidation reactions lead to the POrnataon of cholyl- 
CoA and the subsequent formation of glycine and taurine 


conjugates.12t 123 


(ii) Chenodeoxycholic Acid 


Chenodeoxycholic acid Synthesis from cholesterol, 
involves the same structural changes as in the formation of 
cholic acid; however, 120 hydroxylation does not occur. 
There is doubt as to where the synthetic pathways of these 
two bile acids diverge, and several pathways of 
chenodeoxycholate synthesis have been postulated.199 113 Jo 
hydroxylation, oxidation of the 38 hydroxyl group, and 
isomerization of the AS double bond, are steps in common 
with the formation of cholic acid. Bjorkhemt22 has suggested 
that TVo-hydroxycholest-—4-ene-3-one, the last intermediate 
common to both bile acids, will proceed to the formation of 
chenodeoxycholate if not immediately hydroxylated at the C12 


position. 


Interconversion of chenodeoxycholate to cholate does 
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not occur normally in man, although in biliary atresia, 
Palmer has recently shown a limited rate of conversion.t2¢ 
In rats, however, the synthesis of o and g muricholic acids 
is greatly enhanced by bile duct atresia. This is postulated 
as a hepatic mechanism in detoxifying chenodeoxy cholic 


acid, but is of little importance in man.!25 126 


(111) Conjugation 


Conjugation of bile acids from their activated CoA 
intermediates in the soluble cytoplasmic fraction of liver 
microsomes,!2? is catalyzed by two distinct lysosonal 
acyltransferases,128 for glycine and taurine.!29 Bile acids 
which are reabsorbed from the intestine after bacterial 
deconjugation, must be reconverted into their active CoA 
esters before reconjugation. This is catalyzed by a 


microsomal enzyme which requires CoA, Mg?+, and ATP.i30 


Bile Acid Synthetic Control Mechanisms 


Iaterruption of the enterohepatic circulation in man, 
results in a five to ten fold increase of hepatic bile acid 
synthesis,!23 131 which led to the conclusion that there is 
a negative feedback control mechanism for bile acid 
biosynthesis.1!32 133 Enhanced cholesterol synthesis in the 
liver and intestinal mucosa raised the possibility that bile 
acids may also regulate cholesterol synthesis. Continuous 


biliary drainage and cholestyramine feeding result in 
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increased hepatocyte 7o-hydroxylase activity in rats, and 
the synthetic rate of cholesterol is also increased.134 
Bergstrom and others,!3! 135 postulated that enhanced S206 
acid synthesis following total biliary drainage is caused by 
a reduction in the rate of bile acid return to the liver and 
that bile acids in portal blood inhibit 7o-hydroxylase 
activity in the hepatocyte. Supportive evidence for this 
theory was demonstrated by infusing pure bile acids into the 
duodenum of rats with bile fistulae and observing the 


accompanying reduction of bile acid synthesis.133 


Schoenfield!3® showed that chenodeoxycholate and 
cholate administered to hamsters, inhibit HMG-CoA reductase 
and Yo-hydroxylase. He noted, however, that hepatic 
cholesterol and bile acid concentrations appeared to 
increase, postulating that this may be due to decreased 
release from the hepatic cell. Chenodeoxycholate inhibited 
cholesterol synthesis more than bile acid synthesis, whereas 
cholate inhibited bile acid synthesis more than cholesterol 


synthesis. 


In man, chenodeoxycholate administration, to expand the 
content of the bile acid pool to contain greater than 90% 
chenodeoxycholate, demonstrates a suppression of cholate 
synthesis by approximately 50%, evidenced by marked 
reductions of cholate and deoxycholate pool Sizes.1!37 
Cholate suppresses chenodeoxycholate synthesis by 504,138 


and the administration of deoxycholate Suppresses 
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chenodeoxycholate synthesis by a negative feedback control 
mechanism of possible importance in ‘circumstances where 
intestinal bacterial dehydroxylation is increased.139 SOae 
patients with gallstones have increased hepatic HMG-CoA 
reductase activity associated With increased hepatic 
cholesterol concentration and possibly increased cholesterol 
Secretion into the bile.149 Chenodeoxycholate administration 
reverses this abnormality, lowering the HMG-CoA reductase 
level, resulting in a decrease of hepatic cholesterol 
synthesis.140 Thus, the guality, in addition to quantity, of 
bile acids passing through the hepatocyte may have 
considerable influence on bile acid and cholesterol 
synthesis.!4%1!1 Conflicting evidence has been given regarding 


the effect of drug induction of 7Ja-hydroxylase activity.i*#2 


143 


Intestinal Transport and Absorption 


The major bile acid conjugates form mixed micelles with 
polar and nonpolar Lipids, dependent on bile acid nolar 
concentrations of 2mM to 3mM and a critical micellar 
temperature. This "dispersive" action explains their ability 
to transport cholesterol and amphipathic drug netabolites 
out of the body, and the acceleration of intestinal 
absorption of lipids and fat-soluble vitamins.!** Bile acids 
participate in triglyceride hydrolysis by Stabilizing 
emulsions and allowing maximum pancreatic lipase activity. 


Their implication as cofactors in extracellular cholesterol 
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esterase activity and protectors of the enzyme against 


proteolysis has been postulated.145 


The human small intestine is relatively free of 
bacteria, and most bile acids are reabsorbed unchanged 
during the enterohepatic cycle. Maximal absorption (about 
85%) of conjugated and unconjugated bile acids takes place 
in the terminal 60cm of ileum by means of a specific sodiun- 
dependent active transport system.!*! 16 4 small amount of 
passive absorption of unconjugated and possibly glycine- 
conjugated bile salts occurs throughout the intestine. 
Obligatory anaerobes such as bacteroides and bifidobacteria, 
inhabiting the terminal ileum and colon, are responsible for 
deconjugation and degradation of a small portion, with the 
formation of secondary bile acids.!*%7 Bacterial degradation 
reactions include hydrolysis, 7Jo-dehydroxylation, and 7Ja- 
dehydrogenation. The production of secondary bile acids in 
the colon, leads to absorption, with reconjugation and/or 


sulfation in the liver.1*8 149 


C. Estrogens 


Physico-chemistry and Biological Functions 


The naturally occurring estrogens contain 18 carbon 
atoms in the characteristic four ring cyclopenteno- 
phenanthrene structure with a phenolic C3 hydroxyl group.!5° 


Estrone, estradiol-178 and estriol were first isolated from 
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human pregnancy urine approximately forty years ago, 
Figure 4. Estrone and estriol are mainly products of 


estradiol-178 secreted by the ovarian follicle.151 


Synthetic estrogens commonly incorporated into oral 
contraceptives include ethinyl-estradiol and its 3-methyl 
ester, 3-methyl-ethinyl-estradiol (mestranol), Figure 4. 
Progestogens used in these preparations are derivatives of 


either 19-nortestosterone or 17c0-hydroxy-progesterone. 152 


Estrogens are responsible for initiating and 
Maintaining maturity of the female sex organs, secondary sex 
characteristics, the menstrual cycle and pregnancy. Their 
effects are widespread, encompassing lipid, carbohydrate, 
protein, nucleotide and electrolyte metabolism.!5t 153 Liver 
microsomal “mixed function" oxidative enzymes are also 
affected by estrogens, which possibly act as competitive 


inhibitors.190 


The estrogens have an affinity for specific hormone- 
receptor proteins in the cellular cytoplasm; the activated 
"hormone-receptor complexes" then concentrate in the cell 
nucleus, activating DNA (deoxyribonucleic acid), and 


initiating protein synthesis.15¢ 


Biosynthesis 


The major sites of estrogen production are the ovary 


and placenta with a minor contribution from the adrenal 
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Figure 4. Natural and Synthetic Estrogens. 
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cortex. Biosynthesis is under pituitary control,155 the main 
biosynthetic pathways formulated from numerous in vivo 
experiments are illustrated in Figure 5. Intracellular 
Synthesis occurs in mitochondria and endoplasmic reticulua 
of cellular microsomes where a small rapidly metabolized 
cholesterol pool is associated with these organelles. Plasma 
free cholesterol is the preferred source to replenish this 


pool.!S!1 


The initial mitochondrial "desmolase" reaction is rate- 
limiting and consists of several steps involving 
hydroxylations requiring NADPH, which result in cleavage of 
the cholesterol side chain to form the C21 compound,A § 
pregnenolone. Subsequent hydroxylations at various positions 
of the sterol nucleus require NADPH, molecular oxygen and 


presumably cytochrome P450. 


The mechanism of estrone and eStradiol production from 
progesterone and pregnenolone involves dehydro- 
epiandrosterone and testosterone. Estrone and estradiol are 
interconvertible; the enzyme, 178-hydroxysteroid oxido- 
reductase, which catalyzes this conversion is found in many 
tissues, but 160-hydroxylation of these estrogens to form 


estriol occurs mainly in the liver.156 


Some of the important pathways of estrogen metabolism 


in the liver are outlined in Figure 6, hydroxylation 
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Figure 5. Estrogen Biosynthesis. 
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HEPATIC ESTROGEN METABOLISM 
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Figure 6. Hepatic Estrogen Metabolism. 
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occurring mainly at carbons 2, 6 and 16. Dehydrogenation of 
estradiol to estrone is faster than the reduction of estrone 
to estradiol, the equilibrium favoring estrone production. 
The main pathway for estrone metabolism is by way of 16a 
hydroxylation to i6a-hydroxyestrone, and subsequently to 
estriol. A second pathway involves C2 hydroxylation and the 
formation of 2-hydroxyestrone, which is then readily 
converted to 2-methoxyestrone. The estrogens and their 
metabolites are conjugated to glucuronides and sulfates in 
the 16 and 17 positions.157 Glucuronides constitute the main 
estrogen conjugates,!5S but an appreciable proportion of 
estrone is excreted as the sulfate.!57 159 One half of the 
circulating estrogens may be secreted into the bile, with 
80% of this fraction reabsorbed after hydrolysis in the 
intestinal lumen.!60 Reabsorption is associated with 
glucuronic acid reconjugation,!5® and a possible minor 


degree of sulfation. 


Synthetic estrogens are metabolized in the liver in a 
manner Similar to that of the natural estrogens.15?7 
Mestranol is first metabolized to ethinyl-estradiol, then 
hydroxylated at the C2 and C6 positions. The ethinyl group 
is unchanged. Progestogens are also metabolized in the liver 
by 108—hydroxylation and C3 keto-reduction, with a small 
percentage converted into estrogens.!2 These synthetic 
hormones are then conjugated as glucuronates and sulfates, 
with subsequent secretion into the enterohepatic circulation 


and urine.t56é 
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Estrogens in Pregnancy 


The placenta takes over from the ovary as the major 
source of estrogens derived mainly from fetal precursors, by 
the second trimester of pregnancy; a minor contribution 
comes from the maternal adrenal cortex. The fetal adrenal 
converts progesterone and proonevaione to 
dehydroepiandrosterone, which is then hydroxylated and 
sulfated in the fetal liver to 16a-hydroxy- 
dehydroepiandrosterone suifate. Subsequent conversion of the 
latter to estriol in the placenta, is the main pathway of 


estriol synthesis during pregnancy, Figure 7. 


The placenta does not possess active 16%-hydroxylase 
and little 170-hydroxylase, which consequently only allows 
estrogen synthesis fron the C19 analogs, 
denydroepiandrosterone, 160-hydroxydehydroepiandrosterone, 
testosterone and androstenedione. These precursors reach the 
placenta as sulfated products, where active sulfatases 


release the free derivatives for conversion to estrogens. !61! 


Other minor routes of estriol synthesis from steroids, 
occur in the maternal and fetal livers.1!152 Factors 
controlling estrogen production during pregnancy are poorly 
understood,!62 but the increasing amounts of estrogens 
during pregnancy eventually overcome progesterone inhibition 
of the uterus resulting in the onset of labor. Estriol is 


the predominant urinary estrogen rising during pregnancy, 
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LEGEND FOR FIGURE 7 


MA Maternal adrenal cortex 
ML Maternal liver 

MC Maternal circulation 

FA Fetal adrenal cortex 

FL Fetal liver 

FC Fetal circulation 

EHC Enterohepatic circulation 
CHOL Cholesterol 

AC Acetate 

PROG Progesterone 

PREG Pregnenolone 

DHA _ Dehydroepiandrosterone 
DHAS Dehydroepiandrosterone sulfate 


160HDHA 160 —-hydroxydehydroepiandrosterone 


160HDHAS 160 -hydroxydehydroepiandrosterone sulfate 


E1 Estrone 

E2 Estradiol 

E3 Estriol 

E1C Estrone conjugate 
E2C Estradiol conjugate 
E3C Estriol conjugate 


E3S Estriol sulfate 
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falling quickly after parturition. Estrogen levels reflect 
placental and fetal function and intrauterine death has been 
associated with a fall in maternal urinary and plasma 


estrogens.!63 


Estrogens and the Liver 


Extensive reviews of estrogen and progestogen effects 
on liver function have been presented, and it has been 
postulated that cholestasis induced by oral contraceptives 
may be attributed to constituent estrogens or their 
metabolites.©& 72 8&8 The standard BSP test is occasionally 
abnormal during oral contraceptive medication,8®8 16% and the 
presence of a C17 ailkylradical, a C3-oxo group, anda 
phenolic A ring, appear to be factors which induce this 


cholestatic effect.1!2 


Oral contraceptives and synthetic estrogens have been 
noted for their effects on protein synthesis and changes in 
plasma lipids.190 165 166 The latter may be associated with 


alterations in lipoprotein synthesis in the liver cell.!6?7 


168 169 


Hepatic microsomal mixed-function oxidases catalyze 
oxidation and detoxication of many drugs and steroids. These 
reactions which include hydroxylation, dealkylation, 
oxidation, and sulfoxidation, require NADPH, molecular 
oxygen, and are dependent on P450.100 Estradiol and 


progesterone are competitive inhibitors of these enzymes. 
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Norethynodrel enhances, whereas a combination of mestranol 
With norethynodrel reduces hexobarbital oxidation.!79 Large 
doses of certain drugs affect estrogen metabolism, and 
contraceptive steroids may have a dual effect on hepatic 
drug detoxication, inducing increased activities of certain 


enzymes and acting as competitive substrates.100 


Ultrastructural studies of liver biopsies from women on 
oral contraceptives have revealed alterations of bile 
canaliculi, endoplasmic reticulum and mitochondria in the 
presence of clinically normal liver function.17! 
Confirmation of these changes may be demonstrated in the 
increased ornithine carbamyl transferase (OCT) and induction 
of mitochondrial S-aminolevulinic acid (ALA) synthetase. 
Estrogens can cause a maSSive increase in rough endoplasmic 
reticulum with accumulation of electron-dense granules in 
the Golgi apparatus in hepatocytes from female toads,!72 a 
change found in the liver of some patients who developed 


jaundice while taking oral contraceptives. t2 


Estradiol has no effect on bile flow in man and rat, 
whereas synthetic estrogens and estrone cause marked 
reductions.®2 A 50% reduction of bile output in the rat may 
result from increased permeability of the bile ductules and 
reduced choleresis.S® Estrogens are also thought to have a 
direct inhibitory effect on hepatocyte bile salt excretion, 
interfering with secretion of conjugated cholates which are 


essential for micelle formation.2?7 The conversion of cholate 
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to taurocholate in the rat is reduced by estrogens, which 


may contribute to cholestasis.!73 


There is no evidence that progesterone and its 
derivatives influence liver function and biliary excretion. 
However, some 19-nortestosterone derivatives may be 
inhibitory to this excretion either because they are C17 
alkyl substituted, or because they are partially metabolized 
to estrogens.!2 Methyl testosterone can also have a damaging 


effect on the biliary canaliculus.79 
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CHAPTER [10 


MATERIALS AND METHODS 
A. Patient and Control Groups 


Normal Pregnant Women: Groups I, II, ill, I 


A seEies of thirty-one pregnant women with a mean age 
of 25 years, Canging from 20 years to 32 years, were 
Studied. Each woman was Sampled on at least three occasions 
during pregnancy and once several days after parturition. 
Samples were grouped according to the gestational stage: 
Group I - first trimester; up to 14 weeks gestation 
(average of 9 weeks). 

Group II - second trimester; 14 to 28 weeks gestation 
(average of 21 weeks) 

Group III - third trimester; 28 weeks to 40 weeks gestation 
(average of 33 weeks) 


Group IV - post partum; 2 to 5 days (average of 3 days) 


Women with Cholestasis of Preqnancy: Group V 


This series of patients was collected over a two year 
period, and consisted of a total of twelve patients, some of 
whom were sampled several times. Patients were selected on a 
clinical basis and all were negative for Hepatitis B 
antigen. Three had a history of allergies, and one a history 


of jaundice during a previous pregnancy. The "cholestatic" 
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group included ten women in their third trimester of 
pregnancy, with a mean age of 24 years, ranging from 19 
years to 31 years, four patients with pruritus gravidarum, 
and six patients with pruritus and cholestasis. Two of these 
Six women had cholelithiasis which led to cholecystectomy 
Several weeks after parturition. A liver biopsy from one of 
these patients revealed evidence of canalicular dilation and 
the presence of inspissated bile plugs, but no significant 


inflammatory changes. 


Two women who developed pruritus during the second 
trimester were studied, but excluded from Group V. We were 
able to follow one of the six cholestatic patients 
throughout her second pregnancy. She first developed 
jaundice while taking Ortho-180 (lmg norethindrone, 0.08mg 
mestranol), with subsequent recurrence during her first and 


second pregnancies. 


Women USing Oral Contraceptives: Group OC 


This group consisted of seventeen healthy women of 
child-bearing age, with a mean age of 24 years, ranging from 
18 years to 43 years, all of whom were taking oral 
contraceptives containing a progestogen in combination with 


either ethinyl-estradiol or mestranol. 


Normal Non-pregnant Controls: Group C 


This was a group of thirty-three normal healthy women 
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with a mean age of 29 years, ranging in age from 20 years to 


45 years. 


Jaundiced Non-pregnant Patients 


A series of twenty-six hospitalized patients with 
jaundice, were randomly selected for serum total bile acid 
estimations. The purpose of this was to make comparisons 
with Group V patients and to check sensitivity of the 


method. 


B. Samples 


Blood samples were obtained whenever possible from 
fasting individuals. This proved difficult, however, with 
normal pregnant women when they had Ae oie appointments 
with the obstetrician. Whole blood (30m1l) was drawn by 
venipuncture into B-D vacutainer tubes, allowed to clot, 
then centrifuged at low speed. One portion of the serum was 
analyzed within 3 h to 4 h for liver enzymes, total 
bilirubin, lipids and lipoproteins. A second portion of 
serum was frozen and stored at -20° for subsequent analyses 


of total bile acids and estrogens. 


C. Liver Enzymes and Bilirubin 


Routine liver function tests were performed on Serum 
Samples by sequential multichannel analysis (SMA 12/60), 


according to accepted Technicon methodology.!7* Additional 
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estimations of serum 5'-nucleotidasei75 and alanine 
aminotransferase!’76 were carried out according to modified 


procedures. 


D. Serum Lipids and Lipoproteins 


Triglyceridest’7? and cholesterol!’7& were determined 
Simultaneously from an isopropanol extract by means of a 
semi-automated Technicon procedure. Serum lipoprotein 
fractions were separated by electrophoresis in agarose gel 
at | pH 8.6, then visualized after staining with Sudan 
Black B, according to the procedure previously reported fror 


this laboratory.!79 


E. Lipoprotein-X (LP-X) 


On electrophoresis in agarose gel, LP-X migrates 
towards the anode with the f-lipoproteins. In agar gel, 
however, this abnormal lipoprotein migrates towards the 
cathode, thus facilitating its separation from other serum 


lipoproteins.35 


Electrophoresis of serum samples was carried out in 1% 
"bacto-agar" gelx using barbital buffer (pH 8.6, ionic 
strength 0.05), according to Seidel.!&9 A faster, simpler 
method for visualization of LP-X was tried,18! utilizing the 


principle of cathodal polyanionic precipitation of LP-X. 


«x Difco Labs, Detroit, Mich. 
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F. Total Bile Acids 


Serua total bile acids were quantitated by an 
enzynatic-—fluorimetric technique! 82 after liguid-solid 
extraction with non-ionic amberlite XAD-2 resin,9* and the 


removal of interfering lipids by high-speed centrifugation. 


The amount of NADH.H+ generated from NADt and j3a- 
hydroxy-bile acids in the presence of 3a-hydroxysteroid 
dehydrogenase,* was measured fluorimetrically at 460nm in an 
Aminco-Bowman sSpectrophotofluorometer after activation at 


350nm. This reaction may be represented by the following 


equation. 
pH? 
3a-Hydroxysteroid + NAD+ —— 3-Ketosteroid + NADH + Ht 
pHs 


An alkaline pH and the use of hydrazine sulfate as a ketone 
trapping agent, shifted the reaction to the right, making it 
complete. A standard graph was prepared with each assay and 
the amount of fluorescence related back to the original 


quantity of bile acid present ina sample. 


Minor modifications were made to the method. Diluted 


samples were sonicated for one minute prior to extraction, 


* Worthington = highly purified 3a-hydroxysteroid 
dehydrogenase. (E.C. 1.1.1.50.) Codes STDHP. Prepared from 
cells of Pseudomonas Testeroni. Minimum activity:0.5I1U per 
Nge 1 unit of activity is the amount of enzyme, which will 
reduce 1lumol of NAD* per minute at 25° and pH 9.5.183 
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alleviating protein adsorption and subsequent loss of bile 
acids. Column flow rates were controlled at 0.2 - 0.4 ml/min 
by means of a proportioning pump, and 95% ethanol 
(cedistilled at 78°) was used to elute bile acids from the 
XAD-2 reSin. Two high-speed centrifugations were introduced, 
to eliminate interfering neutral lipids; the first was at 
34,800 x g for 20 min before the enzymatic assay, and the 
second at 27,000 x g for 10 min prior to the fluorimetric 
measurement. A range of standards containing 0.00125umol to 
0.020umol of glycocholate were prepared by addition to 
portions of a pooled “serum XAD+2 extract, in order to 


compensate for fluorescence quenching. 


Percentage recoveries of glycocholate from a _ serum 
control and reagent biank were determined with each assay to 
check accuracy and losses during XAD-2 extraction, and these 
Showed mean + SDx values of 81% + 17% when nx was 43. 
Percentage recoveries of chenodeoxycholate, determined 
during initial method development were 82% + 12% (Mean + 
S.D.), n=51; and 88% + 9% when 3H-cholic acid was added to 


15 serum samples. 


The standard curve showed daily reproducibility and the 
sensitivity and precision of the method are outlined as 


follows: 


*x SD = standard deviation 
n = number of values 

x C.V. = coefficient of variation 
X = mean 
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-Sensitivity was 0.001 um/cuvette, or 2.0umol/1 when 
2-O0ml serum were extracted. 

-Within assay precision, calculated from 14 pairs of 
duplicates, showed as: 


SD of 0.9umol/1 
CV OfT16. 5% 


Xx of 6.Qumol1/1 
-Between assay precision, based on 13 pairs of 
duplicates of control and patient sera, showed a: 


SD of 1.8umol/1 
CV-of 2353% 


X of 7.7umol/1 


G. Unconjugated Estrogens 


Unconjugated estrone (E1), estradiol (E2) and 
estriol (E3), were each measured in serum by similar 
independent radioimmunoassay procedures. Methodology was 
performed according to P. Krahn (personal communication) , 
who modified existing procedures for quantitating these 
steroids.18* 185 Highly specific rabbit antisera to each 
estrogen, prepared from estrogen - 6 - carbioxime - bovine 


serum albumin conjugates, were utilized. 


In theory, a sample extract, containing an unknown 
quantity of unlabelled antigen is incubated with a specific 
antibody in the presence of a small known amount of labelled 


antigen. Both labelled and unlabelled antigens compete for a 


«x Purchased from K & T Biological Services, Edmonton, Alta. 
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limited number of binding sites on the antibody. 
The presence of a high concentration of antigen (estrogen) 
in the sample, means there is less ‘binding of labelled 
antigen. 

Reagents used for each estrogen assay were: 


1. Phosphate Buffered Saline-Bovine Serum Albumin (PBS- 


BSA) pH 7.4: contains 0.01 M K2HPO4, 0.15 M NaCl, 0.02M 
NaN3, 0.1g/dl BSA in deionized water. 

2. Stock Standards: 10mg/nml 
Estrone, estradiol or estriol prepared in deionized 
water. 

3. Working Standards of 0 to 600pq: 

Prepared by diluting stock standard with PBS-BSA. 

4. 3H-Estrone: (6,7-3H(N)) - sp. act. 85-105 Ci/mmol 
3H-Estradiol: (2,4,6,7,3H(N)) - spe act. 85-105 Ci/mnol 
3H-Estriol: (2,4,6,7-3H(N)) - sp. act. 85-105 Co/mmol 
The three labelled estrogens (New England Nuclear) were 
diluted to a specific activity of 0.5uCiys10.5ml PBS- 
BSA. 

5. Antibody: (K & T Biological Services) 
reconstituted in 10.2mi PBS-BSA 

6. Dextran-coated charcoal (DCC): 
2.-5g Noritt A (Neutral) (Fisher Scientific) and 0.25g 
dextran (M.W 60,000-90,000) (Canlab), mixed with 100 
ml PBS-BSA, and stored at 4°. 

7. Methylene Chloride: 


Reagent grade, - redistilled once at 38°. 
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8. Scintillation Fluid: "Unogel". (Schwarz/Mann) Becton 


Dickinson Orangeburg, N.Y. 


Extraction and Recovery 


Estimations of patients' serum estrogen levels were 
made according to gestational maturity, and volumes varying 
from 0.05m1l to 2.0m1l were diluted to 2.0ml with PBS-BSA, 
then extracted. Three successive one minute extractions were 
performed, using 5.0ml methylene chloride each time, and a 
recovery was estimated by the addition of a trace amount of 
label (400cpm) to each Sample. A reagent blank was prepared 
from 115ml methylene chloride, and a unogel "blank" counted 
for "background" correction. Extracts were taken to dryness 
at 45° under nitrogen, reconstituted in 1.0ml of PBS-BSA, ~ 
and 0.2mil of each extract was transferred to a scintillation 
vial containing 10m1 of “unogel" for a recovery 
determination. Radioimmunoassay was performed on the 
remaining portion of serum extracts. An "input Lrecovery" 
vial was prepared, which contained 10ul 3H-estrogen, and 


O0.2ml1 PBS-BSA in 10ml “unogel". 


Radioimmunoassay (RIA) 


RIA determinations were performed in duplicate in 10 x 


75mm disposable culture tubes.*« See Table 1. All tubes were 
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Table 1. Estrogen Radioimmunoassay Procedure 


Total Counts Non-Specific Reagent Standard 


Reference Binding Blank 

mi ai ml nl 
Standards = - = 0.10 
(0-600pg) 
Reagent - = 0.20 - 
Extract 
Sample = = - - 
Extract 
3H-estrogen 0.10 © 0.10 0.10 0.10 
Estrogen = 0.10 0.10 0.10 
Antibody 


DCC = 0.50 0.50 0.50 
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mixed well, incubated at room temperature for th, then 
chilled to 4° in ice water for 10 min. Tubes containing 
"total reference counts" were decanted Bee scintillation 
vials containing 10ml of unogel. DCC was added to all 
remaining tubes and 5 min allowed for adsorption. 
Centrifugation for 10 min at 3000rpm provided a clear 
supernatant which was decanted into a scintillation vial 
containing 10ml unogel. All vials were mixed and counted for 
10 min (2% efficiency) in a Searle Isocap 300/Liquid 


Scintillation counter. 


Calculations 


The standard curve of %& bound vs pg estrogen was 
plotted on iinear graph paper. Calculations were: 
(Recover y-Background) cpm x 1.0 x 100 


% Recovery = 
(Recovery Input-Background) cpm x 0.2 


(pg) estrogen x 1.0 x 100 
ng/nl Estrogea = = ———————___________ 
% Recovery x 0.2 x ml serum x 1000 


Sensitivity, Accuracy, Precision, Specificity 


Sensitivity of each estrogen method was 50pg. The 
working range for the standard curve was from 50 to 600pg 
for estradiol and estriol, and 100 to 600pg for estrone. 


Standard curves were reproducible. 
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showed mean + SD values of: 
estrone when n was 207 
estradiol when n was 203 


estriol when n was 207 


Within assay precision calculated from 20 samples run 

in duplicate on the same day was: 
Estrone Estradiol Estriol 

SD 0.8ng/ml 0.9ng/nl 0.2ng/al 

CV 6.7% 7.7% 3.0% 

x 11.9ng/fmal 12.7ng/ml 8.4ng/ml 

Between assay precision based on duplicates from 
control and patient sera carried through the entire 


procedure and assayed on different days, was: 


Estrone Estradiol Estriol 
SD 0.5ng/ml 1.1ng/ml 0.3ng/al 
CY 17.8% 16.6% 16.6% 
x 2-8ng/ml 6.6ng/al 1.8ng/mal 
n 18 Zc 26 


Specificities of antisera to estradiol and estriol were 


high. Estradiol, 


antiserun, requiring 


measurements. 


howeveL, 


corrections 


See Table 2. 
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Table 2. Antisera Specificity: 


% Cross-Reaction at 25% Binding 


SS a cc SE a a eS SES SS EES RES EE SS EE SC EES 


Steroid Antiserum To 

Estrone Estradiol Estriol 
Estrone 100 0.8 <0.01 
Estradiol-17., 25 100 0.5 
Estriol 0.2 0.8 100 
Estrone-3-Sulfate 0.2 | <0 0.3 
Progesterone 
Cortisol . <0.1 <0.1 <0.001 


Dehydroepiandrosterone 
Testosterone 
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H. Statistical Analysis 


The mean (X), standard deviation (SD), coefficient of 
variation (CV), and standard error of the mean (SEM) were 
calculated for each group of data, on an Olivetti programma 
101 calculator, using the following formulae. 


Yea) Xo: n(X2)-2X2sn 
Nn 


n-1 
CV = SD x 100 ; SEM = SD 
me a/n 


number of values 
sum of 


™M 
not 


Within and between assay precision of duplicates 
were determined by: 


SD = d2 d2 = (difference between 
ae duplicates) 2. 


The student ‘'t' test for unpaired data was used to 
determine the significance of differences between mean 
values. Differences were considered to be Significant at a 
probability (P) value of 0.05 (5%) or Wee and highly 
Significant when P was less than 0.001 (0.1%). A trend 
towards a difference was indicated by P values of 0.10 or 


less. 


t = difference between 2 means = Xd 


standard error of mean difference Sd 
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SD,2 SD,2 
ae + ——. 


n1 n2 


Sd 


Probabilities for calculated ‘'t' values were obtained 
for the appropriate "degrees of freedom" (df), from a "t" 
table (Chemical Rubber Co. Handbook of Statistics). 

qf = (nt + n2) - 2 = the number of independent random 


selections which may be made from a "population". 
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CHAPTER IV 


RESULTS 


A. Liver Function Tests, Lipids, Lipoproteins 


Mean values, standard deviations and ranges of values 
for serum liver function tests and lipid analyses of the 
groups studied are shown in Tables 3,4,5,6 Normal ranges of 
values established in this laboratory are: 

- alkaline phosphatase: 20-90 IU/l. 

- serum aspartate aminotransferase (SGOT): 10-50 IU/1. 
- serum alanine aminotransferase (SGPT): 5-50 IU/l. 

- lactate dehydrogenase (LDH): 90-200 IU/1. 

- 5'-nucleotidase: 2-14 IU/1. 

= Total bilirubin: 0.2-1.5 ag/dl. 

- Triglycerides: 50-150 ng/dl. 

- Cholesterol: 75-250 ng/dl. 

Results for nonpregnant controls and women using oral 
contraceptives were within normal limits. One woman using 
Ovaral (0.25 mg norgestrel 0.05 mg ethinyl estradiol), had 


Slightly raised SGOT and SGPT levels. 


Serum alkaline phosphatase and triglycerides showed the 
most striking changes during normal pregnancy, and _ these 
were larger in pregnancy with associated cholestasis when 
other liver function tests showed abnormalities. A 

lipoprotein band with electro-phoretic mobility between 


the 8 and pre-&8 regions wasS demonstrated in 13 normal 
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LEGEND FOR TABLES 3,4,5,6,13 


Alkaline phosphatase 

Total bilirubin 

Lactate dehydrogenase 

Serum aspartate aminotransferase 

Serum alanine aminotransferase 

5'-nucleotidase 

Triglycerides 

Cholesterol 

Lipoproteins 

Lipoprotein-X 

That amount of enzyme which will convert 1 umol of 
substrate into products per minute under standard 


conditions. 
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Table 3. Liver Function Tests, Lipids and Lipoproteins for 
Nonpregnant Controls (Group C) and Women Using Oral 
Contraceptives (Group OC). 


Test Group C (n=33) Group OC (n=17) 
/_* ) “wean’ SO) (Range Mean «SO) Range: 
ALP (1U/1) 56 15 36-95 50 14 33-13 
T.BILI (mg/dl) 0.5 0.2 0.2-1.0 0.4 0.2 0.2-0.7 
LDH(IU/1) 154 18 120-198 162 23 90-200 
SGOT (IU/1) 22 4 15-35 29 11 10-50 
SGPT (IU/1) 11 5 5-26 17 18 7-79 
5° NT (IU/1) 3 210 meets s.6 1268 3ae-44..0 
TRIG (mg/dl) 75 29 27-162 96 33 61-182 
CHOL (mg/dl) 201 36 138-291 182 33 143-259 
LIPOS All normal All normal 


LP—Xx All negative All negative 
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Table 4. Liver Function Tests, Lipids and Lipoproteins for 
Normal First 
Trimester (Group II) Pregnancy. 


Test 


ee ee cm cr ee ee a ee ee ee se 


ALP(IU/1) 


T.BILI (mg/dl) 


LDH (IU/1) 
SGOT (IU/1) 
SGPT (IU/1) 
5'NT (IU/1) 
TRIG (mg/dl) 
CHOL (mg/dl) 


LP-X 


Trimester 


Group I (n=25) 


Mean SD 
56 14 
G25 0. 
158 14 
22 8 
18 8 


Paz Sot 3.0-16.2 


101 34 


163 24 


3 


All negative 


37-74 

0.2-1.6 

132-190 
12-47 


3-36 


52-166 


109-217 


(Group I) and Second 


Group iI (n=30) 


Mean sD Range 


72 24 338-128 


0.4 0.3 0.1-1.8 


164 28 127-295 
24 16 io 2 
18 11 7-43 


11.0 10.0 3.0-24.9 
178 aa 92-233 
215 39 1S 9-309 


All negative 
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Table 5. Liver Function Tests, Lipids and Lipoproteins for 
Normal Third Trimester Pregnancy (Group III) and 
the Early Pueperiunm (Group IV). 


Test Group iII (n=28) Group IV(n=16) 
"oe" “Means M@RSD (G0 Range.  Méean@ © °SDN Range 
ALP (IU/1) 150 79 69-324 152 31 107-220 
T.BILI(mg/dl) 0.4 0.2 0.1-1.1 0.4 0.1 0.2-0.6 
LDH(IU/1) 185 34 114-266 233 61 132-300 
SGOT (IU/1) 26 9 13-64 37 16 20-64 
SGPT (IU/L) 17 9 7-55 19 q 12-38 
5'yvT (IU/1) 8.8 2.9 3.9-14.9 10.0 39gha55-2062 
TRIG(mg/dl) 234 65 122-363 226 16 128-405 
CHOL(mg/al) 239 47 129-366 214 42 139-300 


LIPOS 13 had intermediate Band 10 had intermediate Band 


LP-X All negative All negative 
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Table 6. Liver Function Tests, Lipids and Lipoproteins for 
Third Trimester Patients with Pruritus Gravidarun 
and/or Cholestasis of Pregnancy (Group V). 


Test Group V (n=10) 

dtudied are shows Mean FAbleSD 40d graRengelly sreneu: 
ALP(iIU/1) 303 68 134-583 
T. BILI (ng/dl) AZ 0.7 0.3-2.6 
LDH (1U/1) 179 46 120-258 
SGOT (IU/1) 109 111 20-339 
SGPT (1U/1) 96 120 17-374 
5* NT (IU/1) 230 US) 17.1-42.7 
TRIG (ng/dl) 365 110 218-550 
CHOL (mg/dl) 289 3)S) 233-358 
LIPOS 10 had intermediate band 
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pregnancies during the third trimester. This was termed 
"intermediate band", and was found in sera from all ten 
patients in Group V, cholestasis of pregnancy. Lipoprotein-X 
was seen in the sera from three of the Group V patients, one 


of whom had clinical cholelithiasis. 


B. Total Bile Acids 


Results for total serum bile acids for the groups 
studied are shown in Table 7 and graphically presented in 
Figure 8. Total bile acids increased gradually during normal 
pregnancy falling slightly in the early pueperiun. 
Differences between sample means of the first and third 
trimester were significant (P<0.01), whereas those between 
the first and second trimesters showed a trend towards 
Significance (P<0.10). There was no Significant difference . 
between the second and third trimesters. Mean differences 
between controls and each of the pregnancy groups were 
highly significant (P<0.001). However, no difference could 
be found between means for "controls" and women taking oral 


contraceptives. 


Total bile acid values in serum from women with 
cholestasis of pregnancy, were up to ten times those values 
found during normal pregnancy. Mean concentrations were 
Similar for this group of women and a group of clinically 


"jaundiced control" patients, with a wide range in values 
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Table 7. Serum Total Bile Acids (umol/l) 


Group n Mean SD Range 


Non-Pregnant 


Controls - C 33 4.2 Zed 0.4 - 13.0 
Contraceptives 
Jaundiced Controls 26 40.7 42.0 1.6 - 178 


Normal Pregnant 


Trimester I 26 8.3 3.9 1.59— 18.2 
Trimester 1 3a 10.6 6.9 2e43-— 33.7 
Trimester pest 31 sy) 6.4 | 3.0F= 33.2 
Post-Partun iV 15 = ES) 6.4 Zens= 12.6 


Cholestatic V 10 39.16 41.9 1.b4~ 125 
Pregnant . 
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for both groups. Values’ for subjects with pruritus 


gcvavidarum were similar to those of normal pregnant women. 


C. Unconjugated Estrogens 


Total, and each of the three component estrogens 
increased during pregnancy and dropped rapidly after 
parturition (Tables 8,9,10,11; Figures 9,10). Total estrogen 
mean differences between each trimester, (Table 8) were 
highly significant (P<0.001). Estradiol increased at the 
fastest rate, with values which were higher (P<0.01) than 
those of estrone and estriol by the second trimester (Tables. 
9,10,11). Estriol increased steadily from the first 
trimester until term, whereas estrone showed the lesser 
increase during the third trimester. Following parturition, 


estrone was the dominant unconjugated estrogen. 


The mean total estrogen value shown for the cholestatic 
Group V subjects was significantly higher, and higher 
estrone values were present when compared with normal 
pregnant women from each of the trimesters (P<0.005) - 
Estrone levels were higher than estradiol and estriol levels 
in pregnancy cholestasis and pruritus gravidarun, in 
contrast to normal pregnancy. The difference between 
estradiol and estriol mean values was not Significant, and 
no significant difference could be found for estradiol and 
estriol between cholestasis of pregnancy and normal third 


trimester pregnancy. 
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Table 8. Serum Total Unconjugated Estrogens (ng/ml) 


ES ee re ec SS eS EEE GEES EE CY GE EES OS eS 


Non-Pregrant 


On Oral - OC 17 0.3 0.3 0.1 - 1.6 
Contraceptives 

Normal Pregnant 

Trimester I 26 a0 3.6 1.0 - 16.9 
Trimester Ii 26 Doe, 12.4 h7 6 = 5662 
Trimester leg § 26 G5.2 17.2 21.2 - 88.6 
Post-Partun Iv i 2.4 2.8 gt a ae) 
Cholestatic V 10 55.7 18.8 27.8 - 84.3 


Pregnant 
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Table 9. Serum Unconjugated Estrone (ng/ml) 


Group n Mean SD Range 


Non-Pregnant 


Controls - C 33 0.4 0.3 0 -— §1.3 
Contraceptives 


Trimester I 26 1.8 Zee 0O- 4.9 
Trimester ey 26 Te5 deo 0 - 30.9 
Trimester em 26 10.8 10.0 0 - 42.2 
Post-Partun IV 17 5 Ze3 0 - 7.9 
Cholestatic V 10 PA SAN | 15.6 S550) — 96.60 


Pregnant 
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Table 10. Serum Uncongugated Estradiol (ng/ml) 


Group n Mean SD Range 


Non-Pregnant 


Contraceptives 


Normal Pregnant 


Trimester It 26 12.4 5.8 3.0 - 23.8 
Trimester II 26 20.7 10.4 0.1 - 53.9 
Post-—-Partun IV 17 O.2 0.1 Oc = O28 
Cholestatic Vv 10 16.9 6.4 5.5) = 31.6 


Pregnant 
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Table 11. Serum Unconjugated Estriol (ng/ml) 
Group n Mean SD Range 
Non-Pregnant 

Controls - C | 33 0.1 0.1 0O-=. (0.3 
Contraceptives 


ep ee eee ee ee es ee ce 


Normal Pregnant © 


Trimester af 26 0.8 0.4 0.1 - 1.6 
Trimester TE 26 W355) 6.2 4.3 - 22.3 
Post-Partun Iv 17 0.7 023.4 O62 — 91.48 
Cholestatic V 10 12.1 5.0 1237 — 21.0 


Pregnant 
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Figure 10. Individual Serum Unconjugated Estrogens. 
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When the mean relative percentages of total for each 
unconjugated estrogen were compared (Figure 11) no 
Significant difference was found for estrone, estradiol aad 
estriol between each of the normal pregnancy groups. In 
Cholestasis of pregnancy, however, estrone and estradiol 


were out of proportion compared to normal pregnancy. 


Nonpregnant controls had a significantly higher total 
estrogen mean value than women using oral contraceptives, 
despite very iow concentrations for both groups (Table 8). 
Estrone was the main serum unconjugated estrogen, with 
Similar concentrations for both groups. The estradiol mean 
value for controls was higher than that of estriol, whereas 
there was no mean difference between the two estrogens for 


the group on oral contraception. 


In Summary, mean total estrogen levels showed that 
estrone waS Significantly higher in cholestasis, than in 
normal pregnancy, and was the predominant unconjugated 
estrogen in the former group, whereas estradiol was dominant 
during normal pregnancy. The relative percentage of estrone 
was twice, whereas estradiol was one half that of normal 
third trimester pregnancy. The nean total estrogen level was 
lower in women on oral contraceptives than in normal 


controls due to a lowered mean estradiol value. 
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Figure 11. Comparison of Percentage of Total Estrogens. 
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D. Ratios of Total Bile Acids to Total Unconjugated 


Estrogens 


Figure 12 shows a gradual drop in mean ratio of total 
bile acids to total estrogens during normal pregnancy, 
illustrating a faster rate of increase of estrogens than 
bile acids. The mean ratio for cholestasis of pregnancy was 
Similar to that seen in normal pregnancy during the third 
trimester, even though concentrations for both variables 
were much higher in cholestasis. The mean ratio of 8 to 1, 
Shown by the control group was significantly less than the 
ratio of 19 to 1 for women on Oral contraceptives (Table 


12) 


E.- Recurrent Cholestasis of Pregnancy 


Comparison of the normal findings, illustrated in 
Figure 13, with those of patient C.B., who developed 
recurrent cholestasis, and was followed throughout her 
second pregnancy {Figure 14, Table 13) =demonstrates 
significant differences. The abnormal findings at 13 weeks! 
gestation were a high estrone and a slightly raised 
triglyceride. By 25 weeks' gestation, estrone had dropped to 
the second trimester range of values, whereas estradiol 
showed slightly elevated levels. At 35 weeks' gestation, 
total serum bile acids were increased and 0.5 mg/dl of this 


patient's total serum bilirubin was conjugated. 
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Figure “12'. 
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RATIO = TOTAL BILE ACIDS 
TOTAL ESTROGENS 


(MEAN VALUES) 
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Serum Unconjugated Estrogens. 
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Table 12. Ratios of Total Bile Acids to Total 
Unconjugated Estrogens 


rn er en a er ERD en EE eS ee ee SE Ee 


OnpOral =) 0c 17 i923 2.9 1.4 -— 46.0 
Contraceptives 


es ee en re re SE ED EE ES GERD SD EE ERE Ce ee 


Normal Pregnant 


Trimester if 26 Pipe Ziotl 0.3 -} 8.3 
Trimester Ir 26 045 0.6 ON —-) 3.7 
Trimester III 26 0.3 033 0.1 - 1.6 
Post-Partun IV is Sez es S| 2-0 - 19.0 


Pregnant 
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NORMAL PREGNANCY 
MEAN VALUES 


@® BILE ACIDS 
@ ESTRONE 
ae @ ESTRADIOL 
ESTRIOL 
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Figure 13. Mean Values for Serum Bile Acids, Estrone, 
Estradiol, Estriol in Normal Pregnancy. 


; , 
AVIA ; JAMA! Pa 
Sx IA 4 ‘ASN oH 


ome — — 7 
- 
6  ¥ 
’ 


as ae 


- 
> « 


"Ty. H 


ee 
- 
J 


am 
pan, 
= 
ee 
eat 


(2HIaW) NOITATARO 
o 
s 


i v 
| vie an 
i murxaag 03 doutett-aash re, 


othessed 
. : 


CHOLESTASIS OF PREGNANCY 


ESTROGEN, ng/ml 


O 10 20 30 40 2 DAYS 
POST PARTUM 
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ESTRONE 
ESTRADIOL 
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Figure 14. Recurrent Cholestasis of 
Pregnancy: Patient C.B. 
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Table 13. Recurrent Cholestatic Jaundice of Pregnancy 


Patient C.B. - 21 years - Second Pregnancy Gestations 
Test 13 wk 25 wk 35. iWk 38 wk 
ALP(IU/1) 91 143 468 466 
T. BILI (mg/dl) 0.2 0.3 1.0 1.3 
LDH (1U/1) 169 151 219 246 
SGoT (IU/1) 31 22 47 81 
SGPT (IU/1) 26 17 46 122 
5'*NT (IU/1) 10.1 6.6 50-2 2361 
TRIG (mg/dl) 163 325 492 530 
CHOL (mg/dl) 176 320 540 358 
LIPOS N Marked 8 and Slow moving pre-8 
LP=X Neg Trace Trace 
T.Bile Acids(um/l) 12.2 a0 133 125 
T.Estrogens(ng/ml) 21.8 3962 88.2 63.9 
Estrone (ng/ml) 18.2 955 44.7 11.6 
Estradiol (ng/ml) 3.0 23.4 28.9 31.3 


Estriol {ng/nml) 0 6.6 14.6 21.0 
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Total estrogens at 13 weeks" were almost twice the normal, 
but were within the normal range of values during the second 
and third trimesters. The bile acids dropped during the 
second trimester despite a continuing rise of unconjugated 


estrogens. 


F. Pruritus Gravidarum and Cholestasis 


Tables 14 and 15 demonstrate the findings shown in 
cholestasis of pregnancy and pruritus gravidarum. Comparison 
of total bile acids and estrogens also demonstrate 


Significant differences. 
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Table 14. Results of Liver Function Tests and Lipid 
Analyses for Group V Patients (Women in their 
Third Trimester with Cholestasis and/or Pruritus 
Gradivarum) and two Second Trimester Patients 
with Pruritus Gravidarun. 
Patient NABL1L | ADE a5 ONT SGOT SGPT LDH TRIG CHOL 
ng/dl IU/1l mg/dl ng/dl 
Group V - Third Trimester 
Gabe y- a 466 23.7 81 122 246 530 358 
Gaia 2-6 442 42.7 100 86 158 354 354 
S.B. - 2.0 583 ~S32e2 51 60 174 338 276 
Je-Be - 123 350 924.4 250 240 258 360 239 
Gals — 143 220.81520 949339 374 187 296 224 
Ser i 1.3 212 18.4 90 32 144 354 336 
G.A. - = = 37.0 = 17 — 418 248 
Rats = 0.3 134. 11.1 23 10 157 235 233 
DM. — 0.7 78 11.4 20 43 168 218 247 
JeLe — 0.6 238 15.4 24 10 120 550 358 
Second Trimester 
Baca = 0.3 52 4.4 32 17 192 132 236 
Rate 0.2 45 10 11 6 139 186 170 


LP-X Present in sera from patients C.B, S.B, J.B. 
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Table 15. Results of Total Bile Acids and Estrogens for 
Group V Patients (Women in their Third Trimester 
with Cholestasis and/or Pruritus Gravidarum), and 
two Second Trimester Patients with Pruritus 
Gravidarum. 

Patient Total Total Ratio Estrone Estradiol Estriol 


Bile Acids Estrogens 2% 


umol/1 ng/al ng/ml ng/fol ng/ml 


125 63.9 1.9 11.6 31.3 21.0 
31.6 47.5 On7 28.4 11.8 wes 
80.4 67.3 a2 38.3 20.8 8.2 
96.4 80.0 1.2 42.8 16.6 20.6 
19.2 84.3 Ow 56.0 15.8 12.5 
22.4 59.4 0.4 33.0 16.2 10.2 

220 2728 0.1 2-1 6.5 9.2 
Tod 35.3 O22 8.6 15.8 10.9 
10.2 38.5 0.3 16.4 14.3 7.8 
1.6 ee 0.1 20.2 19.6 13.3 


Second Trimester 


Re G. 


A.T. 


KK 


4.6 58.1 0.1 17.6 27.4 13.1 


10.4 5504 0.2 21.1 26.0 8.0 


had cholecystostomy and T-tube drainage 
of common bile duct 


- Total bile acids/total estrogens. 
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CHAPTER V 


DISCUSSION 


Results from this study demonstrate that changes in the 
metabolism of bile acids and estrogens occur during 
pregnancy. These are exaggerated when pruritus and 
cholestasis supervene. Although there have been several 
reports of serum unconjugated estrogens throughout normal 
pregnancy,!63 £86 167 188 jevels in cholestasis and pruritus 
gravidarum have not been determined, and the only reports of 
serum bile acid levels during normal and cholestatic 


pregnancy have been for patients near term.93 94 189 


Non-fasting patients were sampled at the same time of 
day for each trimester, thereby serving as their own 
"controls", and eliminating variation in bile acid and 
estrogen levels.19°® Postprandial serum bile acids are 
considered by some!9!t to be more meaningful than fasting 


levels because of enterohepatic stimulation after a meal. 


Sample storage at -20° for long periods did not affect 
bile acid and estrogen levels, and liver enzymes were 
unaffected with the exception of alanine aminotransferase, 


which showed a 50% decrease. 


The age range of patients for each of the groups was 
approximately the same with the exception of normal 
controls, as the use of oral contraceptives made it 


difficult to find normal controls who were not using the 
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“pill". Subjects for this group were a little older than 
those from other groups, therefore possibly disposing to 
slightly increased levels for some of the analyses as 
compared to younger women, and consequent wider variability 


in comparison of the control group to the test groups. 


"Cholestatic" patients were categorized according to 
gestation instead of severity of cholestasis, allowing 
Comparisons with third trimester normal pregnant patients. 
Pruritic patients who had increased alkaline phosphatase, 
5" - nucleotidase, and Serun bile acid levels above 
2Z0umol/1l, were considered to be cholestatic. Serum bile acid 
levels seemed to be a more sensitive index of diminished 
bile flow than bilirubin and aminotransferase levels, in 


agreement with Sjovall,?7 and others.1!92 


Total and fractionated serum bile acid concentrations 
are extremely low in the normal, ranging from 0.4umol/1 to 
13.0umol/l using the enzymatic-fluorimetric technique, and 
from 0O.6umol/1 to 4.2umol/l with gas-liquid chromatography 
(GLC). Total bile acid estimations in serum under the best 
of conditions are difficult because of interferences from 
neutral lipids and losses from protein adsorption. Gas 
chromatography, attempted during the initial stages of 
method development, was found to be more time consuming, 
requiring 5ml to 110ml of serum from normal pregnant 
patients, with lower recoveries than the enzymatic procedure 


(50% to 60%). 
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The enzymatic technique had an accuracy and sensitivity 
compatible with the finding of Schwarz, 182 but the 
coefficient of variation for the method was somewhat higher, 
(16.3% versus 2.0%). Careful control of the XAD-2 extraction 
procedure waS an important determinant of accuracy, and 
fluorometry required strict control of environmental 
conditions to eliminate interferences. The problem of 
fluorescence quenching, probably caused by incomplete 
removal of neutrai lipids by high-speed centrifugation and 
corrected only by use of a “Serum standard", may explain the 
higher coefficient of variation obtained. Attempts to 
eliminate these interferences by millipore filtration, 
solvent extraction of dried XAD-2 extracts, and thin-layer 
chromatography, all proved unsatisfactory. Purified 
hydroxysteroid dehydrogenase was more effective in 
eliminating interferences, at low bile acid concentrations, 
than crude extracts of the enzyme.!93 Spectrophotometric 
measurement of NADH absorbance at 360nm was too insensitive 
for the low concentration of bile acids normally present in 
serum, therefore necessitating the use of fluorometry. The 
influence of C19 and C21 steroids containing 30-hydroxyl 
groups was negligible since these steroids are conjugated to 
either sulfate or glucuronate, and concentrations of the 


free components are low, making their interference mininal. 


More sensitive, precise, direct, faster procedures such 


as radioimmunoassay or high-pressure-liquid-chromatography, 
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would be preferred alternatives for future studies. Gas 
chromatographic fractionation of bile acids would be 


acceptable for sera containing increased concentrations. 


Our normal range of control values (Group C) was 
Similar to those reported by others9*, 182 194 195 and there 
waS no Significant difference in the recoveries of 
individual bile acids (Chapter III, F). Jaundiced "controls" 
had values varying from 1.6umo1/1 to 178umol/1, (Table 7) 
comparable to a recent report of forty-eight patients with 
liver disease and leveis up to 140umol/1, using the same 


enzymatic procedure.196 


The method of choice for determining the three 
unconjugated estrogenS waS radioimmunoassay, because of 
specificity, sensitivity, and minimal preliminary separation 
of the estrogens prior to quantitation. Other procedures 
considered, involved GLC and fluorometry but were too 
insensitive and non-specific for first trimester and 
"Control" estrogen measurements. Radioimmunoassay procedures 
did not have the desired Sensitivity for samples from non- 
pregnant women, and 2.0ml volumes of serum were required to 
obtain precise analytical values. Lower recoveries and 
estrogen loss was accentuated probably by protein 
adsorption. Multiple extractions of 2.0ml samples improved 
the recovery, and sonication, which was not tested, might 
have helped alleviate the problem. In spite of this, 


recoveries were of the same order as reported by others.!86 
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167 1868 Corrections for the variability in serum estrogen 
levels in the groups studied, were performed and the 
corrected values correlated satisfactorily with those from 


the literature.134 18S 188 197 


Specificity of estrogen antisera is reportedly high 
with that prepared from 6-carboxime-BSA conjugates, because 
conjugation at the C6 position does not structurally 
interfere with the functional groups of these steroids.188 
Antisera to estradiol-178 and estriol respectively, had high 
Specificity, with negligible cross-reactivity from other 
steroids (Table 2). Estrone antiserum, however, was not as 
specific, cross-reacting substantially with estradiol-178. 
Cross-reactivity determinations were per eouuedefoe the three 
estrogen antisera and those for estrone were subsequently 
used to correct the assayed values. Further separation of 
estrone from estradiol on celite or LH-20 sephadex would 
have given a more accurate reflection of the interference. 
However, Sample size restrictions due to the number of tests 
performed on each specimen, precluded this procedure. 
Despite this problem, values for estrone and the other 
unconjugated estrogens, during the three trimesters of 


pregnancy agreed with otherst5* 165 188 197 


Lipoprotein-X, was found in sera from three patients 
with cholestasis of pregnancy, one of whom had a 
cholecystectomy several weeks after delivery. The "abnormal" 


lipoprotein was also present in sera from several jaundiced 
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"controls" who had high serum bile acid values and clinical 


extrahepatic cholestasis. 


The women uSing oral contraceptives were all taking 
combination preparations containing a progestogen and either 
ethinyl-estradiol or mestranol. Although liver function 
values were within normal limits, the mean values’ for 
certain liver enzymes and triglycerides were slightly higher 
than normal (Table 3). Ovarol was associated with increased 
aspartate and alanine aminotransferase values for one woman 
in Spite of normal serum total bile acids, possibly 
indicating early changes in hepatocytic endoplasmic 
reticulum involving stimulation of enzyme production and 
release, prior to evidence of cholestasis.©® Raised values 
for aminotransferases and alkaline phosphatase in serum have 
been reported in a small percentage of women receiving 
ethinyl-estradiol or mestranol-containing pee phat eeaat and 
in women who have developed jaundice while taking oral 
contraceptives. 12 The Slightly decreased mean value for 
cholesterol in women on “the pill" and a tendency towards an 
increase of serun tuiyigeaedies is in accordance with 
others.198 199 This may be the result of increased 
microsomal triglyceride production and secretion, or 
decreased hepatocyte uptake from the circulation. 
Additionally, there may be an inhibitory effect on 
cholesterol production and secretion, or an increased 
hepatocytic uptake and/or secretion into the bile. Recent 


evidence shows that bile can become more saturated with 
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cholesterol in women using oral contraceptives than in 
controls,#! and this may be attributed to decreased bile 
acid synthesis, especially of chenodeoxycholate, relative to 
cholesterol synthesis and excretion. On discontinuing 
therapy, the increased lithogenicity of the bile reverts to 


normal. 


Results from our study showed no Significant difference 
between mean values for total bile acids in controls and 
women taking oral contraceptives. The range and mean values 
for the latter group were slightly less, and with a larger 
number of samples, a subsequent statistical difference might 
have been shown, however, the age differences between the 
two groups of women might also account for this finding. 
Significant changes of the unconjugated estrogens in the 
group on oral contraceptives compared to controls, may 
reflect depressed estrogen synthesis caused by the effect of 
low dose synthetic estrogens and progestogens on the 
hypothalamic-—pituitary axis.200 The difference between 
estradiol mean values for both groups (Table 10) may 
represent increased conversion to estriol via estrone in 
women on the pill, due to increased stimulation of 
hydroxylation in the hepatocyte (Figure 6), with consequent 
increased secretion into the enterohepatic circulation. 
Depressed estradiol values account mainly for the drop in 
total estrogens when compared to control values, and is in 
keeping with others who have found that the ovaries show 


morphological changes and become inactive during oral 


ae VA ee 


7 “J 7 7 : 
hy) 
a) , ee . is 


« 
x ony 


Aiea 
r oe | 


‘be “hay 
on atene 4 


cu 

os suistetes ~e 
bebeaks noehb eo norseaaie. naa 
ot esusver elid oft Joes : ; 


$9n9292 8th JaraLiiagte oA Sowade thus, 
hang elotinds qk abive oftd Isso tot erasers 
2opisvy neon a5 Sspnea aq? or seen: a 


teeaet 5 d2tv, tna ,eeed ae —— 


Lapidataste toeupeg 


Es: 


tipin aoresptie 
244 neewood.. 2oonetertTbh ops cone ae nis 
pitheii ehit ach} Sysenss -oeis sacar: Ae OA ~~ 4 4 
ad? nbd eusoomt~es Base nolvee. od? 20 e@paedo. 2 | ot 

yee {ntorsKo> of S528q066 esvidgenedsaom «ier. sahiie que 
toe s00395 odd -yn botany Sies iouye tapes tes. bewuoaged «2 
iJ nm atheberespong dis shepoyeee alhiad says . 
nsevie soasdstiLe ,ohT eos ohve ¥ ta ips Sg~-o.8 
gam «(OF ofds’) aguesp déved 20% Getiev asen) 
et ehoutes sty febvtee oF nobenswaioe Baapgesoad 
20 fobs#L ULF IS bge soko ot oab alitg eds 
tagupeenos fitiv., (2 steeds) eayoosgagad eda at 
Hot sLQatls Dt SSL SSOMASoS edt gat. \patte2t903 — 
ai gowb edd 202% yYiaien tagonns ital | taibetan a 
ni- ai. bas yaeutev Jegaaos os . | 
wode eslusvo sad dota Saved ever esi : 


isto oatavh osisoaend, saoped bas. 


ny 


Pee 


87 


contraceptive therapy, with a marked decline in urinary 
output of estrogen and progesterone metabolites.29° Estriol 
levels were shown to be the same as control levels, and 
could be explained by metabolism of synthetic estrogens to 
an estriol-like metabolite. The difference in mean ratio of 
total bile acids to total estrogens for the two groups 
(Table 12), may demonstrate a decrease of bile acid 
synthesis in women on the pill, and a further decrease of 


estrogen synthesis compared to normal controls. 


The Significant increase of serum bile acids and 
unconjugated estrogens seen during normal pregnancy, may 
reflect a gradual reduction in their secretion rate by the 
hepatocyte into the enterohepatic circulation, or a reduced 
uptake from the circulation. Supportive evidence may be 
derived from changes in serum triglycerides and to a lesser 
extent cholesterol seen in pregnancy and biliary stasis.2? 
82 Cholestasis of pregnancy waS associated with higher 
concentrations of bile acids and estrogens, with more overt 
changes in serum lipids and liver enzymes than pruritus 
gravidarun. Normal bile acid concentrations have been 
described by Sjoval193 in patients with pruritus gravidarum 
partorteto cts onset of cholestasis, although he considered 
bile acid levels to be the most sensitive index of 
cholestasis. This is in agreement with reports of pruritus 
gravidarum as a milder form of cholestasis of pregnancy 
where the only difference is the degree of impairment of 


hepatic excretory function and patients remain anicteric 
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with no morphologic evidence of cholestasis on liver 


biopsy.&S 201 


increased levels of serum bile acids in cholestasis of 
pregnancy, reportedly 10 to 100 times those of normal 
pregnancy,?3 9* are primarily due to marked increases of 
cholic and chenodeoxycholic acids. Sjovall,%3 using GLC, 
found that the respective serum ratios for the hydrolyzed 
components of cholic, chenodeoxycholic, deoxycholic acids, 
were 1.03:1.0:0.9 in normal pregnancy, and 4.5:1.0:30.1 in 
cholestasis. The serum bile acids were conjugated except for 
one patient in whom free bile acids were detected, and the 
ratios were similar to those found for patients with 
hepatobiliary disorders. These findings were confirmed by 
Makino.9* Interruption of the enterohepatic circulation, 
with subsequently less cholate reaching the intestine for 
deoxycholate Be re ee and decreased hepatic secretion, 
might explain the relatively increased concentrations of 
deoxycholate which are low compared to cholate and 
chenodeoxycholate. keduction of deoxycholate destroys the 
bile acid negative feedback control of cholic and 
chenodeoxycholic acid synthesis, which would therefore be 
expected to continue in the presence of cholestasis, as also 
would the synthesis of cholesterol.134* 139 There have _ been 
no reports of ilithocholate in serum during pregnancy, 
although Pellizziari2°2 did find trace amounts in Sera from 
20% of normal individuals studied. Combes,®’7 and Mistilis,®&3 


in studies of BSP retention, uSing a prolonged infusion 
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technique, showed that the hepatic relative storage capacity 
was markedly increased during the last half of pregnancy. 
They associated these changes with a possible intrinsic 
change in the liver. These findings could be equated with 
the gradual rise of serum bile acids during pregnancy, which 
are accentuated in cholestasis. Simcock8? suggested that 
Cising levels of estrogens and progesterone and the 
increasing excretory load on the liver imposed by the 
metabolism of these steroids, is responsible for progressive 


impairment of BSP elimination and probably other substances. 


Normal pregnancy reduces bile acid synthetic and 
Secretory rates in rcats,23 and although the estrogens and 
oral contraceptives have been implicated in the reduction of 
bile acid synthetic rates and pool size,2t 203 20 the 
mechanism whereby these steroids may cause intrahepatic 
cholestasis has not been elucidated. Studies in which there 
is reduction of the BSP excretory rate in women receiving 
mestranol-norethynodrel preparations with normal hepatic 
storage and conjugation, indicate that two different 
mechanisms may be affected in pregnancy, of which only the 
excretory mechanism is affected by estrogens.®?7 295 The 
postpartum decrease of serum bile acids, liver enzymes and 
lipids, found in this study, may be the result of removal of 


the estrogenic effect at delivery. 


The majority of patients who demonstrated changes in 


liver function tests during pregnancy, demonstrated 
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associated changes in serum bile acids. The increase of 
serum alkaline phosphatase activity during normal pregnancy 
has been attributed to heat-stable placental isoenzyme. 83 
Normally, hepatic isoenzyme activity is localized on the 
canalicular membrane.296 In cholestasis, there is a markedly 
generalized increase in alkaline phosphatase activity 
throughout the liver lobule, which has been interpreted as 
excesSSive excretory stimulation of the hepatocyte related to 
increased local concentration of bile acids,29°7 and may be 
the reason for high alkaline phosphatase activity seen in 
cholestasis of pregnancy. High doses of estrogens have also 
been shown to cause increased alkaline phosphatase activity 
in rats.206 5'-Nucleotidase is located in the canaliculi and 
sinusoidal liver cell membranes, 20? whereas the 
aminotransferases are derived from hepatocytic cytoplasm and 


mitochondria. 298 


The disturbance in lipid metabolism associated with 
pregnancy may be secondary to stimulation of the microsomal 
endoplasmic reticulum, with possible impairment of hepatic 
uptake and excretion due to decreased lipoprotein lipase 
activity, or there hay Simply be increased fat 
mobilization.91 Several workers have incriminated estrogens 
as a possible cause for the triglyceride and cholesterol 
increases which occur during pregnancy.9! t&?7 Svanborg?! 
suggested that hyperlipemia may be responsible for pruritus, 
which may obtain support from the patients in our study who 


had pruritus with no evidence of cholestasis, but high 
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triglyceride values. However, their estrogen levels were 
more remarkable, which may favor a steroidal cause of 


pruritus. 


When estrogens and their derivatives are considered, 
estrone is greatly increased in pregnancy due mainly to 
estrone sulfate. Conjugated estriol is high, whilst 
estradiol exists almost entirely in its "free" or 
unconjugated form and is thought to be mainly responsible 
for the estrogenic effect during pregnancy.!5?7 Loriaux!8¢ 
found unconjugated estradiol to have the highest 
concentration in plasma, which was twice that of estrone and 
four times that of estriol, and our results were in close 
agreement. He also reported twice as much estrone sulfate as 
estradiol, and concluded that the increasing load of 
estrogens, particularly estradiol, may reflect overloading 
of the dehydroxylating enzymes which convert estradiol to 
estrone, or an enzyme further along the pathway in the 
production of estriol, Figure 6. Conjugating enzymes may 
also be affected, giving rise to the accumulation of 
unconjugated estrone and estriol. Estrogens are the only 
steroid hormones with a large enterohepatic circulation,!59 
and impaired excretion of their conjugates may affect 
hepatic enzymes involved in their metabolism and biological 
inactivation, causing an increase of unconjugated estrogens. 
Both estrone and estradiol are considered to affect liver 
enzymes,®2 ®8 and their accumulation might predispose to the 


mild cholestatic effect in normal pregnancy, demonstrated in 


Us a 
© 
) 
¥ 
fr 
S¢ > 
- . 
'- ¢ 
. © 
iS ae 


doth 23 §oi33 29 sesmet aed ’ 
* 


wtis of Beteblanon ots ntoetanion: onore 
ogeifherzq idpit soiveioseove sleds . os, ace 


eo0asbh ,.Y¥oanrpes9 iseaaos ai dos 


» 
[2 


So 
et. nopowtes 4 is ae 


tebinoiede a vest 


315 seve $sviseb sods bas anager 
val ni oe 


wh yonetpeazq af boas 
‘ 


eir al yiowisae t20nls ie 


*I € or, So Oy J SAP roast ab has o r 


w 
s 


TG cake ea ss ae Ty 

® s “Fr pI 

sotsipeony aun id 7o 
Ss Looe 


tom i jot \Sekiswae yhaelwelaasq.  <easge 
7 \ * | alt 


» doitw senysas eee is5 od: 


a 
4 & PASSAU 995 589 anal 0 Sie 


c paracd > esvypee «Loizz oe - » aoktow, oa 


S3iu ee ay & rip £4 adooeSe ood 
7 « 
perss -lozasne fas ede dau Sot Apr 


] 
he 


\ a ’ a 7 


iieqedomstne spasl s atte eeseazed 
eS 
rac avilodstoe tied? af Sayianats sonyaun/ 


+nouset jo sese vost ae paienss ane at < 
1 


ee 


753 29fo 


aie 


anes ; 


92 


the present investigation. Biliary estrone is mainly 
sulfated whereas estradiol and estriol occur as 
glucuronates!55 and conseguently urinary excretion of bile 
acid*® and estrogen sulfates9* may be increased in 
obstructive jaundice due to interruption of the 


enterohepatic circulation. 


The variation of estrone in patients with cholestasis 
and pruritus gravidarun, would lend support to the 
hypothesis of a further decrease of dehydroxylation or 
defective production of estriol. Similarly, the marked 
increase in estrone when compared to normal pregnancy, 
strongly suggests defective conversion of estrone to its 
sulfate, or other metabolites, since estriol levels remain 
essentially identical to those of normal pregnancy. This 
might lead to enhanced sulfation and urinary excretion of 
estradiol and estriol, the slightly lower estradiol values 
resulting from enhanced conversion of estradiol to estriol 
by an alternate pathway. Supportive evidence by 
Adlercreutz,!55 showed that bile from non pregnant patients 
with jaundice and cholelithiasis had increased estriol 
sulfate, and little or no estriol glucuronates. Later work9?5 
showed that urinary estriol-16-glucuronate and estrio-3- 
sulfate-16-glucuronate were increased, whereas estriol-3- 
glucuronate was reduced in cholestatic jaundice of 
pregnancy. Total urinary estriol excretion was the same as 
in normal pregnancy and it seemed that conjugation with 


glucuronic acid in the 16 or 17 position was more extensive, 
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with a simultaneous decrease of estriol conjugated in the C3 
position and as the double conjugate 3-sulfate-16- 
glucuronate. Estriol-3-glucuronate synthesis is 
intestinal,155 and consequently, due to the decreased 
estrogen enterohepatic circulation in cholestasis, reduced 
levels of C3 conjugated products would be anticipated. Ina 
more recent report,299 Adlercreutz showed that the relative 
urinary excretion of 16-epiestriol and estriol were 
depressed and their immediate precursors, 16°0-hydroxyestrone 
and 168-hydroxyestrone respectively, were increased in 
cholestasis of pregnancy and pruritus gravidarum. There was 
a uniform decrease in concentration of all biliary estrogens 
when measured in some of these patients, and estriol 
excretion was nore severely impaired than estrone. 
Alternatively, Sjovali and Sjovall,219 studied plasma 
Steroid sulfates in 17 women with pruritus and cholestasis 
of pregnancy and found six steroids not normally present. 
Absolute and relative concentrations of steroid sulfates 
were Strikingly different from normal, the main changes 
being increased concentrations of C21 steroids with 30,50 
and 3a, 58 configurations. They concluded that these changes 
were secondary to impaired biliary excretion and disturbed 


steroid metabolism. 


In this study, relative concentrations of each of the 
unconjugated estrogens remained constant throughout normal 
pregnancy. Disruption of this balance, demonstrated in 


cholestasis of pregnancy, indicates an alteration of estrone 
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and estradiol metabolism, Figure 11. the maintenance of bile 
acid to total estrogen ratios seen in normal and cholestatic 
patients, despite marked differences in concentrations 
between both groups (Figure 12), may indicate similar 


hepatic secretory mechanisms for bile acids and estrogens. 


Watanabe?!! recently showed that the ratio of cholate 
to chenodeoxycholate in bile was diminished by estrogen in 
cholestyramine-treated rats. Low doses of esradiol-17a, 
reportedly stimulated chenodeoxycholate excretory rates, 
whereas high doses reduced cholic acid levels. An 
intermediate dose showed both factors to be contributory to 
the decreased ratio, and prolonged treatment produced a 
reduced excretory rate of both bile acids in cholestyranine- 
treated and untreated animals. Although cholestyramine 
interruption of the enterohepatic circulation provided 
information concerning the effect of estrogens on primary 
bile acids, consideration of the effect of such an 
interruption on the deoxycholate negative feedback control 
of chenodeoxycholate synthesis, was not discussed. Despite 
this criticism, Watanabe's findings compared to ours, 
indicate that perhaps the "low dose estrogenic effect" was 
being observed by usS in women uSing oral contraceptives, 
whereas the "high dose effect" was Seen in pregnancy and 
associated cholestasis. If concentrations of serum bile 
acids are considered to be an index of bile acid 
secretion,!92 the decreasing ratio of total serum bile acids 


to total serum estrogens, during normal pregnancy (Figure 


— « » = 
- — , Ji 


aay 
bowode ylsue sz 4 

¢ ‘el av hi i 
rap y¥el cisinitsS asw eid ak. ota mr 


eeeob ved sox beteont sai ATS S 
is, 


Ja c% 
ate feod- ouhoseds 


(ors hav be 

PUC t¢ ot 2204 3n3 tod Himes 
so AG mS lt sare re 

ere 


ayteekcis ai abina shite. 5% 9282 ‘ahi bs owt 


war 


iA .olenies 6bebeee tag 
= oe 
PhS Ses PyeneTesas vs be sata 


eniateoae>. 
<t3 SAt se norrsseblaacs / 9a 
ot atshodoysees edd go sobiguuisd 
. 7 
ion Say. .2izedgsaye ® sslode ){zosbomads 
nan 


bait 2’ olageese canbe 


gor? > {630 paieav gefou af Be "7 bev: 
neo 7 ; 
erp ee ,. at .cese aow "J0SFte seed dpise it as 
i o ay i ap 
saoctssttawonop 32 « sak Lod bat oe 
ont) if 
chit 30 zehdr «ne of — o> oan 


ti ssez inzosy Go ottea patents: 


7 — 


SS) sapei1g Lastem pakasbh .FRSLORIE a0 


a3 an 


7h! 


95 


12), could imply that hepatic hydroxylating and conjugating 
mechanisms become overloaded as a result of the increased 
estrogen production during pregnancy, with consequent 


impairment of bile acid secretion. 


It is suggested that concentrations of estrogens during 
pregnancy may have a competitive inhibitory effect on 
microsomal enzymes involved in bile acid hydroxylation and 
conjugation, with a consequent disturbance in hydroxylation, 
which may be the initiating step in cholestasis, interfering 
With micelle formation, disturbed bile salt secretion, and 
bile stasis in the liver. An accumulation of bile acids, 
particularly dihydroxy or monohydroxy derivatives, would 
inhibit microsomal mixed-function oxidases further by 
competitive inhibition, their detergent property resulting 
in a hypoactive endoplasmic reticulum and eventual 
hepatocellular necrosis.3! Protective conjugative mechanisms 
including sulfation and glucuronidation are inadequate to 
remove hepatotoxic bile acids during severe cholestasis. 
Estrogens would also accumulate in the liver as a result of 
impaired bilary secretion, exerting an even greater effect 
on hepatocyte metabolism. Enhanced sulfation of estrogens 
and bile acids probably occurs, but was not investigated in 
this study. Consequently as the disturbed metabolism of bile 
acids and estrogens result in cholestasis, impairment of the 
enterohepatic circulation during pregnancy would cause 
decreased negative feedback control of cholesterol and bile 


acid synthesis via 7%-hydroxylase and HMG-CoA reductase. 
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Bile acid synthesis and secretion would remain depressed due 
to the already present estrogenic effect. Another factor 
which might lead to reduced bile acid secretion is the 
increased capacity for intestinal bile acid reabsorption 
during pregnancy, which may cause an increased rate of pool 
"cycling", resulting in decreased synthesis and pool size 
and subsequently reduced oc testowiese A diminished bile 
acid pool precedes the formation of cholesterol gallstones 


in mnan.S? 


Attention has already been focused on the relationship 
between normal pregnancy and the exaggerated response with 
biliary stasis seen in pregnancy cholestasis. This abnormal 
response may be related to an inherent enzyme defect in the 
liver cell, whereby large doses of estrogens are not 
metabolized as efficiently as in the normal. This was 
demonstrated in patient C.B. at 13 weeks* gestation who had 
an abnormal unconjugated estrone level, with a normal 
gestational total bile acid concentration. The second 
trimester drop of estrone for patient C.B., may indicate a 
stimulated conversion to estriol; however, the increased 
level of unconjugated estradiol may be accounted for, by an 
inhibition of 17g hydroxydehydrogenase (Figure 6). The two 
second trimester patients with pruritus gravidarum (Table 
15) had similar elevations of estradiol. Severe itching in 
these patients is strongly suggestive of an estrogenic 
cause, or "factors" other than bile acids.213 


Cholestyramine, the enteric, non-absorbable, anion exchange 


enh baaeestic> #5 5a93 0 


x103pDe%  raedsors ~332 


isex bios elid pinaeits 
: _ = enta 
Leog to e%n2 S5eenctont ns rac. tt Ai 


gt ie 
DI r£ s. ae ‘. 


- 
— 


i ea 
- ¥ 
te {o0qg bes aheeatate Senn Bs 
| 


| ba 
id bedeiatelh & 8%, getsaucee beowbes yids 


cy & ae foyvstacsigce> 20 BOLD 


p 
cet 
a A De ay 
° q 
y = 3 & J 
Z 6 : - 
; “— 
he ’ my 3 » 7 


i é yael aidan 


i 


7 


: > Rs cidaebolate ee be 


t »F (bu P , - zx Gs 3 b teL Jaa nk bed < 
: ; : 
P Pe a 
j 21329 bedeyokmoomD * Leatons 
‘ 7 


Tt 2 Bd 7H SF asan & * z ee on of , Saas: Rd Ors. mF 


bat ¥i .«8.9 2neidseq 102 exsozteo Fo wal aa 
are 


i 


isy2ued sfoiztes -e3 nolesevn0o: bested, 


xtnwootse. sd (ee Lolbsziee serepe ea = 


ow fT <<. iueit) eaasneposdy eecbaihinincs atr to 


* 
nepouses nos to  eviseovpre Ager ees 


S48 AAO Sls neat god 70 "aabd s' ae a 
: ; 


, 

- 

asdoxe gokns ,eldsdreads-268 vpisedias, ait 40 ms TY 
oe te : in o 


97 


resin relieves itching by sequestering bile acids,21* and 
possibly estrogens’2 during their enterohepatic circulation, 
presumably lowering serum and tissue levels. Sjovall12190 
found changes in plasma steroid sulfates which preceded 
elevations of serum bile acids in panes gtavidarum, and 
also found that cholestyramine improved, but did not 
eliminate the pruritus. the fact that patient C.B.'s bile 
acids dropped at 25 weeks', despite a continued rise of 
unconjugated Sateogeace may reflect either decreased 
synthesis or increased excretion. Decreased bile acid 
Synthesis may have resulted in cholestasis during the third 
trimester with consequent elevation of serum bile acids. 
Total estrogen production in cholestasis of pregnancy does 
not appear increased in individual patients (Table 15) 
despite an increased mean value for the group when compared 
to normal third trimester pregnancy, Table 8. A wide range 


of overlap for the two groups was shown. 


A further postulate to Support the increasing 
concentrations of free bile acids, may involve the sulfating 
enzymes, which could be competitively inhibited by the large 
increase in estrogea during pregnancy. This, in particular, 
could lead to an increase in free lithocholate and 
chenodeoxycholate, the former having a characteristic 
hepatotoxic action.29 Most bile acid hydroxylation reactions 
are mediated by the non-specific microsomal P450 dependent 
drug metabolising enzymes, and Since interaction between 


drugs in competition for this microsomal detoxifying 
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function have been demonstrated,21!15 a similar interference 
may occur between estrogens and bile acids, resulting ina 
disturbed ratio of primary bile acid levels. 
Methyltestosterone competitive inhibition of 
taurodeoxycholate metabolism is strongly suggestive of drug 
impairment of bile acid metabolism with possible elevations 
of hepatotoxic bile agtasvat Evidence of reduced 12a - 
hydroxylation ia rats during experimental cholestasis 
following bile duct ligation, and drug interaction with 
hepatoceliular membrane function has been presented by 


Greim.3! 


Estradiol inhibits rat liver parenchymal cell 68- 
hydroxylation of cortisol to 68-hydroxycortisol and 86- 
cortol,2i6 and the conversion of cholate to 
chenodeoxycholate.!73 The enzyme 68-hyroxylase, is known to 
be important in the rat for its detoxification of 
chenodeoxycholate to 8-muricholic acid.38 Although 
confirmation is lacking in man, one cannot rule out this 
latter pathway as an alternate means of chenodeoxycholate 
detoxification when sulfation and glucuronidation are 
impaired. The increase of serum cholate demonstrated in 
cholestasis?3 may result from the detoxification of 
chenodeoxycholate to the less toxic cholate. Reference has 
been made previously to the structural and functional 
changes reported in the smooth endoplasmic reticulum of the 
liver, due to cholestasis.*! Chenodeoxycholate causes a 


decrease in 6f8-hydroxylase activity and P450 level in 
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rats,2!?7 and the Cytochrome P450 dependent reactions are 
believed to prevent accumulation of detergent dihydroxy bile 
acids in rats. Taurocholic, taurodeoxycholic, and 
taurochenodeoxycholic acids fed to rats inhibit both 7a and 
12a-hydroxylases,218 as do cholic and chenodeoxycholic 


acids. 136 


Conversion of estrone to methoxyestrone, 
hydroxyestrone, estriol and estrone sulfate are decreased in 
Cirrhosis, and a decrease in 2o0-hydroxylation and impaired 
reduction of 160-hydroxyestrone have been reported in 
cholestasis and cirrhosis.299 219 This disturbance in 
conversion may also be caused by interruption of the 
enterohepatic circulation. Administration of estrogens to 
patients with liver disease has resulted in increased 
amounts of urinary unconjugated estrogens, explained by 
impaired hepatocellular uptake and possible reduction of 


glucuronyl transferases in the hepatocyte. !60 


Czygan229 recently isolated human liver microsomes from 
patients with and without gallstones, and found that stone 
carriers had reduced 168-hydroxylation of taurolithocholate 
compared to non-carcriers. However, both groups had a normal 
cytochrome P450 content, and since 168-hydroxylation is 
cytochrome P450 dependent, it was assumed that a selective 
defect in cytochrome P450 dependent biotransformation may 
play a role in galistone formation. Perhaps in pregnancy, 


there is competitive inhibition of 168-hydroxylation of bile 
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acids by estrogens, thus producing the same effect. If 12a- 
hydroxylase activity were depressed, side chain cleavage 
would precede 12x1-hydroxylation, leading to the formation of 
monohydroxy and dihydroxy bile acids which would then be 
hydroxylated in the 6 and 7 positions. An enzyne system 
Gaanie of hydroxylating taurolithocholate to 
taurohyodeoxycholate has Seen demonstrated in human liver 
microsomes.221 Alteration of Smooth endoplasmic reticulum is 
the primary event in cholestasis development, and this is 
the region of the hepatocyte where bile acid and estrogen 


hydroxylations occur. #33 


Further investigations should include measurement of 
bile acid and estrogen hydroxylating and conjugating enzymes 
in normal and cholestatic pregnancy, in an effort to 
determine those affected. Animal studies demonstrating the 
effect of various estrogens on bile acid hydroxylation are 
also indicated, with the measurement of individual serum 
biie acids and estrogens, their intermediates, and their 


sulfated and glucuronidated conjugates. 
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CHAPTER VI 


CONCLUSIONS 


The following conclusions were made from this study. 

1. The metabolism of estrogens and bile acids is markedly 
affected by pregnancy, becoming increasingly apparent as 
pregnancy progresses. These changes are more pronounced with 
the clinical onset of pruritus and cholestasis. 

2- Serum unconjugated estrogens increase at a faster rate 
than bile acids, implying that bile acid levels increase 
during pregnancy in response to previously increased 
estrogen levels, resulting from reduced synthesis and 
secretion. 

3. The jaundice and cholestasis associated with pregnancy 
and oral contraceptive therapy probably has a genetic basis. 
This may resuit in a sensitivity to the levels of estrogens 
associated with normal pregnancy, leading to an inability of 
the liver cell to adequately metabolize the increased 
estrogen load, with subsequent impairment of hepatic 
excretory function. 

4. There appears to be a balance between the unconjugated 
estrogens where relatively constant amounts are maintained 
throughout normal pregaancy, with an ordered dominance of 
estradiol, estriol, and estrone. In cholestaSis, however, 
this balance is disrupted, and estrone becomes dominant, 
followed by estradioi then estriol. 

55 The postpartum drop of serum bile acids in normal 


pregnancy, may be the result of removal of the "“estrogenic" 
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effect. 

So. Pregnancy is cholestatic. Slight impairment of the 
enterohepatic circulation, which may be caused by an 
estrogenic effect on hydroxylating and conjugating enzymes 
for bile acids and estrogens, may result in the lack of 
negative feedback control of bile acid synthesis. However, 
such a hepatotoxic effect of estrogens may prevent enzyme 
response, with resultant decreased bile acid synthesis. 
There may be competition between estrogens and bile acids 
for hydroxylating enzymes, and disturbed hydroxylation may 
interfere with micelle formation, initiating reduced 
secretion, biliary stasis, and possible cholelithiasis. A 
build-up of hepatotoxic bile acids would inhibit microsomal 
hydroxylations even further, perptuating cholestasis. 

Vs Bile acids and estrogens have similar secretory 
mechanisms, aS indicated by the similar ratios of total bile 
acids to total estrogens in cholestasis of pregnancy as in 
normal pregnancy, despite the higher concentrations of both 
parameters in the former group. 

8. One can postulate that estrone and possibly estradiol, 
may be responsible for initially altering hepatocytic smooth 
endoplasmic reticulum, affecting triglyceride, bile acid, 
and estrogen metabolism, at the hydroxylase and possibly 
P450 level. This would result in disturbed bile acid 
secretion, increased bile lithogenicity, and Secondary 
damage to the endoplasmic reticulum due to the cholestasis, 


causing a further reduction of enzyme activity. 
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9. “Itching" seen in pruritus gravidarum may be caused by 
estrogens or lipids initially, when serum bile acids are 
normal, the bile acids becoming contributory as cholestasis 
develops and bile acid levels increase. 

10. Metabolic changes in estrogens also occur in women 
uSing oral contraceptives. Serum bile acids, however, are 
essentially normal, with possible slight impairment of 
production. The slightly lower estrone and estradiol levels 
compared to controls, were seen aS a Secondary response to 
the effect of low-dose estrogens on the hypothalamic- 
pituitary axis. 

ladle We did not show whether metabolic or solely secretory 
changes of bile acids occurred during pregnancy. Further 
work involving bile acid fractionation is required to 


elucidate this. 
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